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SUMMARY 


Since the return of the Petroleum and Naturel Gas Division of the Bureau 
of Mines to: normal: peacetime functions following World War II, a coordinated 
program of: oil: and vas development and vroduction research has been in prog- 
ress, and the importance of the problems has been eveluated so that the Bureau 
can render greater service to the oil and gas industry. 


Among the: problems nesbetetes with dsdeieonedt and production pesca Pone 
those concerned with efficient utilization of the Netion's reserves of hence 
carbons contained in gas-condensate type reservoirs contime to receive major 
emphasis. -For a number of years: an important part of the Bureau's work has 
been the study of two pressing problems associated with production from such 
reservoirs; first,’an investigation of: fluid: properties, and the second, 
finding a means of controlling corrosion. Studies of the characteristics of 
gas-condensate fluids: have resulted in the publication of a number of reports, 
which cover a broad field. -In general they deal with subjects such as the 
propertics’ of a' fluid from a well, development of research equipment, means 
of combatting corrosion, and the many aspects of gas-condensate engineering. 
To provide’ cxperimentel data‘ on relative liquid and gas volumes and critical 
pressures and temperatures, a windowed cell was constructed that ee ob- 
servation of thr fluid Phe, se while taking the tests. 

Experimentation in the field on the use of inhibitors to sentrel corro- 
sion of equipment in ges-condensate wells has disclosed that solutions of 
chromete are’ effective retardants of. corrosion. 


Engineering field: gtiatee: of: the Carthage and New Hope seeeonienaste 
ficlds are in progreas, and reports on the Sheridan and Lake Creck fields 
have been completed. : : oe ee a 


Following a plan of making studies of imoortent newly discovered oil 
fields, the Bureau: is: investigating the physical properties of reservoir oil 
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from the North Lindsay. Okla., field, and a: preliminary report of the field 
will be furnished the industry. 


At the reauest of the United States Navy, the Bureau of Mines, during 
the war period, made a study cf reservoir oils from five wells in the shallow 
zones of the Naval Petroleum Reserve No. 1, Elk Hills field, Calif. The re- 
sults of ‘this study have now been published and include (1) pressure-volume- 
temoerature and viscosity data, (2) correlation of some physical properties 
with A.P.I. gravities of produced oils, and (3) the application of material- 
balance concepts to a newly Bieseuercd. oll reservoir that resulted in increas- 
ing the proved oil reserve. 


ne Bureau's studies of the optimum spacing of oil wells now in progress 
for several years were continued, with emphasis on theoretical and field in- 
vestigations of various aspects of the problem. The goal is to find practical 
means for detcrmining the minimum number of wells that should be drilled in 
oil fields to effect maximum cil recovery consistent with profitable operation. 


In cooperation with the American Petroleum Institute and several o11 
companies, the Bureau is carrying out a series of tests to find improved 
methods for measuring the degree of contamination of cores by drilling-fluid 
filtrates. 


Increased interest in secondary recovery methods of oil production has 
resulted in numerous requests from the general public, trade associations, 
and trade journals for results of the Bureau of Mines secondary-recovery 
studies and for information about the work. — 


‘As a result of this exnanding interest, Bureau engineers have worked 
closely with several agencies interested in this vitally important problem, 
includirg the Interstate Oil Compact Commission, American Petroleum Institute, 
Pennsylvania Grade Cruce Oil Association, the North Texas 9i1 and Gas Associa- 
tion, and others. Field studies of waterflooding projects are in progress, 
and the results obtained in 11 typical waterflooding projects in north and 
north-central Texas have been publisned. | 


Experimentation was continued on the engineering fundamentals involved in 
flowing instead of pumping oil wells on air-gas injection secondary-recovery 
projects in the Apvalachian area. To date, all of the fundamental relation- 
Ships proved in the pevonateny have been avvlied successfully to field 
piaet Tees 


An engineering, statistical analysis of the results of clean-out opera- 
tions in southern Pennsylvania, West Virginia; and southeastern Ohio was 
published during the fiscal year 1947. This report on reconditioning methods 
end results in use in the southern Appalachian fields is particularly timely, 
aS there are many wells in that erea in dire need of remedial work. 


In connection with the secondary recovery work, a study was initiated of 
methods and materials that might be used to plug selectively the most perme- 
able parts of oil-sand reservoirs after the recoverable oil has been removed 


2564 by i de 


Google 


ToC. THEK 


for the ‘purpose of preventing these formations from taking fluid in the input 
wells in water-flooding and gas-repressuring operations. 


The development of a process for recovering oil from bituminous -sand- 
stone deposits near Edna, in San Luis Obispo County, Calif., has contimed to 
receive consideration. Significant increases in efficiency and ecoriomics of 
operetion of the laboretory separation plant were achieved by (1) reduction 
in power cost, (2) elimination of expensive reagents. previously used as de- 
watering and desilting aids, and (3) the elimination of one of the pulping 
agents with an appreciable meanction in cost if the separated bitumen is to 
be cracked by the thermal process for distillates and coke. | | 


A study of gravity drainage oil through sand by means of a miniature 
oil-field model was completed during the year. The results of core analyses 
showed that the residual oil saturations were low at the top of the sand and 
increascd gradually with depth. Experiments in heating the oil sand had been 
conducted, and the results of the temperature study showed that the increase 
in mean torperature throuzhout the sand body was insufficient to reduce the 
viscosity of the oil enouzh to increase drainage of the oil through the sand. 


The current broad objectives of research in petroleum chemistry and re- 
fining is to obtain a complcte picture of the availability of fuels for all 
types of internal-combustion engines. The problem includes raw-mterial 
studies, relationshirs of fuel composition, properties and a utili- 
zation of petroleum products, and analytical methods . 

Additional data were Syeadanea on low-temperature ‘calorimetry, combustion 
calorimetry, and statistical calculations as part of the project to obtain 
precise and accurate values of the fundamental thermodynamic properties cf the 
hydrocarbons found in vetroleum and those for the related compounds that can 
be derived from petroleum by means of chemical reactions. Accurate knowledge 
of these properties of the pure compounds will enhance the value of cee 
aS a source material for needed products. 


Netural-gas peecareh includes a cooperative study with the nee Gas 
. Department of the American Ges Association of the factors influencing flow 
of gas in pipe lines and studies of Ways and means for removing nitrogen 
from natural fas. 


Helium activities continue to be an important part of the Bureau's re- 
search, which is directed toward appraisal of the Nation's helium resources, 
improvements in processing cycles and equipment, and increasing its.utiliza- 
tion throuzh development of new uses and better procedures. 


INTRODUCTION — 

The Petrcleum and Natural Gas Division of the Bureau of Mines was just 
completing formulation of its post-war plans for research on oil and gas 
problems ne the fiscal year 1946 closed. Now, a year later, the Division 
-can appraise its plans in the light of a year's work without the disruption 
of actual warfare, take account of the developing needs of the industry, and 
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modiiv its program where necessary. When these plans were first formulated 
efforts were being made to turn fron war assignments to the main normal func- 
tions of the Division under peacetime conditions. Readjustments in personnel 
assignments were necessary as veteran employees returned to their earlier 
civilian duties or decided to follow other lines of activity. Furthermore, 
many difficulties were met in finding available, qualified technical employees 
to fill the gaps or to take on new assignments. On the whole, however, the 
main administrative problems were the result of the need to determine the 
Place of the Bureau of Mines in oil. and gas research under the peacetime na- 
tional economy as modified by ne late war. 


To that end, the technologists of the Division discussed among themselves 
and with industry representatives such subjects as: What types of problems 
does the industry believe the Bureau should study? What are the specific. 
problems requiring first attention? What are the types of problems the Bureau 
ts best qualified to urdertake? As a result of these discussions and con- 
ferences, a program was developed to encompass those problems the solutions 
of which are needed urgently by industry and Government. 


Another aspect of the return to normal functions is the careful consider- 
ation that has been and is being given to the dissemination of information so 
that it will do the most good after it has been collected. A timely opportu- 
nity along this line was an invitation from the Division of Chemical Education 
of the American Chemical Society, in collaboration with the Division of Petro- 
leum Chemistry, of the sane organization, to perticinate in a symposium on 
petroleum information surveys at the neeting of the American Chervical Society 
at Atlentic City in April 1947. The Bureau contributed a paner describing its 
methods of disseminating information,3/ and a selected list of Bureau publica- 
tions in the field of chemistry and refining was distributed at this mecting. 
Other selected lists dealing with primary production of ofl, secondary retov- 
ery, natural gas, thermodynamics, and a wide varicty of alli ted subjects, in- 
Cluding helium and oil sShele, are being brought to date and mide puecry 
available as reference matcrial. 


How to help develop and conserve the Nation's resources and to find 
methods by which nature my be made to pay larger dividends from its still 
undeveloped resources in oi] and gas has been a prompting thought in all of 
the deliberations. Planning with the long view presupposes thit industry, 
Government, and individuals are willing to make the necessary cxpital invest- 
rent of time, energy, and money. In other words, aside from the ever-prescnt 
need for considering problens of national security, the Burcau's philosophy 
in the conduct of all of its work on petroleum and natural gas is to develop 
facts that may be applied so that true conservation my result. As Joseph A. 
Eelmes, first director of the Bureau of Mines, pointed out years ago, true 
conservation rules’ out the implications of hoarding and urges the practice of 
"a wiser and more efficient use of our mitural resources." 


Smith, H. M., Gooding, R. M., Ball, J. S., The Role of the Burenu of 
Mines in Dissemination of Inform:tion Relating to Petrolcum Chemistry 
and Refining: Presented at the meeting of the American Chemical Society, 
Division of Petroleum Chemistry, Atlantic City, April 1947. 
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The Bureau of Mines extracts large quantities of helium from natural gas. 
Helium is a natural resource and available in large quantities only in the 
United States. This gas contimues to win acceptance by American industry 
While retaining its specialized Values to the military forces, and it is only 
Matural that both industry and Governmental agencies look to this Bureau for 
new develorments and improvements in extraction techniques and uses of heliun. 
A weli-balanced research program is providing progress by developing and in- 
stalling equipment for the production of higher-purity helium required for 
some new uses; developing new and better techniques in the use of helium in 
welding and retallurgy; developing more efficient helium extraction through 
a study of higher-pressure separation of helium and a study of the removal of 
nitrogen from natural gas; locating and acquiring new helium reserves; study- 
ing processes end developins equipment for cheaper means of transporting he- 
lium; improving continually the quality of helium shipped; and finding new 
uses for hclium, such as its use in tracing the flow of o11 and gas under- 
ground and finding leaks in casings of oil and gas wells. 


The medical use of helium continues to increase, and helium is taking 
an increasingly important place in the national economy through use on a 
nationwide scale in the fabrication of new and modern products. Certain 
metals and alloys have been fabricated through the use of the helium shielded- 
arc welding process where such fabrication has been impossible without the use 
of helium. Helium shielded-are welding is being applied to the welding of 
metals such as sluminum, stainlcss stcel, magnesium, copper, and inconel, and 
as of this date it is the only known precess for welding titanium, a metal 
offering much promise as a new material for construction. 


As evidence of the increasing importence of helium to the Nation, the 
commercial sales of helium for the fiscal year 1947 were about nine times 
greater than in any pre-war year and over three times any previous year. The 
total sales were approximately twice the previous year and over three times 
any pre-war vear. The sale of helium to commercial concerns not only enables 
the Netion to produce products not enjoyed by other countries but also pro- 
vides adequate facilities to produce helium for the Government for both peace- 
time and wartime use. . Helium being produced at present from natural gas is 
the means of conserving 2 commodity that would otherwise go to fuel market in 
the natural gas and be lost. The immediate availability of helium during the 
last war was vroof of the adorn of a strong Covernment organization for the 
production of helium during peacetime s 


The Petroleum and Natural Gas Division is very largely a field organiza- 
tion and keeps only 1 smajv.l headquarters staff in Washington, D. C. Experiment 
' stations ere located at Bartlesville, Okla., and Laramie, Wyo. Field offices 
are maintaincd in Dallas, Tcx., and Franklin, Pa., to conduct petroleum pro- 
duction research, and a field office and laboratory is located in San Francis< 
Calif. Field headquarters, engincering office, and experimental laboratory 
for the helium activities are mintained at the Amarillo Helium Plant, | 
Amarillo,.Tex. Other helium plants sre at Exell, Tex., Otis, Kan., and 
Shiprock, N. Mex. | 
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OIL AND GAS DEVELOPMENT AND PRODUCTION 


A detailed program of research has been outlined by production engineers 
of the Bureau of Mines. The program includes the research aims of the Division 
and cocrdinates the various procuction research problems. Methods of attack 
have been outlined, and tne importance or the problems hes been evaluated so 
that the Bureau can render greater service to the petroleum and ‘natural gas 
industry. For example, work on the flow of gas in large-diameter pipe lines 
and an investigation of the productivity of gas wells are vreblems of the 
research program thet is already under wry. 


Production engineers and pnvsical chemists at tne Bertlesville stetion 
completed the work on the fluid characteristics of the SGeaxet, Tex., Sas-con- 
densate field. A report was published on a study of rescrvoir oils in Naval 
Petroleum Reserve No. 1, Elk Hills, Calif. Both were sneciel war assignments 
which were comprehensive, providing f:indemental infermation of lasting good to 
the petroleum and natural-gas industry. At the same time, work was done on 
long-range problems of a basic nature such as charecterictics of gas-condensate 
fluids and reservoir oils. Ons report describing an appsratus for the study 
of gas-condensate fluids and four reports on internal corrosion in gas-con- 
Gensate wells were published. | 


Characteristics of Gas-Cordensate Fluids 


Ecficient utilization of the Nation's reserves of hydrocarbons contained 
in gas-condensate-type reservoirs requires 2 knowledge of problems not common 
to ordinary geas-producing operations. For 2 number of ycars on important part 
of the Bureau's work has been the study of two pressing problems associated 
with production from such reservoirs; the first, an investigation of fluid 
properties, and the second, finding a means of controlling corrosion. Opera- 
tors need to know the composition, tyne, and characteristics of hydrocarbons, 
and physical benavior of the fluids contrzined in the reservoirs in planning 
methods of recovery. Gas-condensate fluids produced in muy fields cause 
sericus internal corrosion of well equipment, with the result that high 
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m:inten.ncee costs are involved and a hazard to the safety of operating per- 
Sonnei is ever present. The Natural Gas Department of the American Gas Asso- 
clation and the Natural Gasoline Association of America have cooperated ac-+- 
tively with tre Bureau of Mines in investigations of these problems. 


The studies of the characteristics of gas-condensate fluids have resulted 
in the publicstion of a number of reports covering a broad field. In general, 
they deal with such subjects as the properties of a fluid from a well, devel- 
opment of research equipment, means of combatting corrosion, and the many 
asvects or ges-condensete reservoir engineering. 


Drawing on the results of 14 years of research on fluid characteristics, 
including studies made during World War II for the Petroleum Administration 
for War; 2 renort4/ was published that described 10 basic engineering problems 
in the recovery of gas-condensate fluids. As soon aS an economically impor- 
tant reserve of gas-condensate hydrocarbons is discovered, solutions, at least 
tentative ones, must be found for a number of problems, including the follow- 
ing: (1) Size of the fluid reserve, (2) composition of the fluid and its rich- 
ness in mirketable hydrecorbons, and (3) the original phase state of the fluid 
in the reservoir. Depending lurgely on the size of the reserve and the phase 
State cf the fluid in the reservoir, plans must be made for recovery of the 
hydrocarbons and answers must be found for questions relating to the following 
problems: (4) The procressive changes in the vhase state of the reservoir 
fluid as pressurc declines when fluid is withdrawn through producing wells, 
and (5) the effect ov iniected gas upon the phases of reservoir fluid under 
the practice of pressure mointenance and gas drive. The recovery of liquids 
that may exist in the reservoir involves the following problems: (6) The 
recovery of hydrocarbon Liquids with lean reservoir fluids, including concepts 
of liquid saturation of the formaticn and flow of liquids through the forma- 
tion, and (7) the recovery of rich cas-condensate fluids that may have critical 
temperatures in the range of reservoir temperatures and hence are ina single, 
liquid-like phase in the reservoir. Freblems important to well operation but 
indirectl:; related to reservoir engineering are: (8) The determination of 
equilibrium factors for use in the design of equipment employed in extracting 
specific hydrocarbons from gas-condcnsate fluids, (9) the development and 
utiliz:ztion of data on natural-~-gas hydrates to facilitate the operation of 
field collecting systems, gas pipe lines, and moisture removal plants, and 
(10) control of the internal corrosion of well equipment and gathering lines. 


Operutors, in develoring procedures for the recovery of marketable hydro- 
carbons from g28-condensate reservoirs, have need for extensive knowledge of 
the phase relaticns of the fluids in the reservoir. To obtain this informatioy 
experimentzlly for cvery reservoir would be expensive as well as time-consum- 
ing, with tne result that many fields necessarily would be operated without 


ry, Eilerts, C. Kenreth, Gas-Cordensate Reservoir Engineering. Part I. The 
Reservoir Fluid, Its Composition.and Phase Behavior: Oil and Gas Jour., 
Feb. 1, 1947, pp. 63-68; Part 2. Fluid Properties and Flow Relationships 
in the Reservoir: Thid., Fob. 8, 1947, pp. 78-84; Part 3. Equilibrium 
Factcrs, Hydrates end Corrosion: Feb. 15, 1947; pp. 100-103. 
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adequate information. The Bureau of Mines has determined the properties of 
gas-condensate fluids with a high degree of accuracy so that the information 
obtained experimentally on a fluid from one field will be, in many cases, 
applicable to fluids in the reservoirs of other fields. 


The experimental investigation of the properties of fluid from a reser- 
voir in the Saxet Field in Texas is an exemple of a study designed to provide 
information on other fluids. This investigation was completed, and a pre- 
limirary report? was submitted to the operators. The report includes infor- 
mation on the known subsurface geology of the reservoir, flow characteristics 
of the well, and the results of a study of the fluid properties meade by means 
of mobile laboratory equipment. The test well was adjusted to flow at an 
average rate of 3.95 million cubic feet of gas a dey, and a smll portion of 
the flowing fluid was diverted to flow through portable test equipment. Sam- 
ples of the fluid were analyzed to determine its composition. The ratios of 
liquid to gas were determined in ‘the temperature range 86° to 280° .F. and 
over the pressure range 450 to 3,200 psia. (lb. per sq. in. abs. ). Dew-point 
sressures were determined at all test temperatures. | 


A vhase diagram was constructed from the Jiquia: gas ratio data. As the 
reservoir pressure at ‘the time of the tests was 3,042 psia., and the dew 
point vressure at reservoir temperature (191° F. ), experimentally jceernined: 
was 2,947 psia., the reservoir fluid was considered to be in a single gaslike 
phase in accordance with the concept of retrozrade phenomena. Estimates were 
made of the quantity of condensate that would occur within the reservoir if 
reservoir vressure were permitted to decline. 


To provide experimental data on relative Liquid , ond es volumes and 
critic:.1 pressures and temperatures, a windowed cells of wes constructed that 
would permit visual observation of fluid phases. The method of measuring the 
volumes of the fluid phases in equilibrium within tne cell is illustrated in 
figure 1. The cell has been uscd to measure svecific volumes and liquid:gas 
ratics of c natural gas ond four mixtures of condensate and gas from the 
Chavel Hill, Tex., ficld. Measurements were made over the temperature range 

-55° to +100° F. at pressures upto 5,000 psia. Compressibility data and the 
critical pressures and temperatures oF the gas and mixtures have been 
eGrernated: 


Gas-Condensate Well Corrosion 


Experimentation in the field on the use of inhibitors to-control corro- 
Sion of equipment in gas-condensate wells was contimied at the test, well in 
the Cotton Valley, La., field. Solutions of chromates (sodium chromate, 
sodium dichromate, and chromic acid) were pumped into the annuler space of 


"/ Bureau of Mines, Pacer Report and Flow Giarecterietics and Proper- 

7 ties of Fluid from the 6,900-Foot Sand, Saxet Field (East Extension), 
Nueces County, Texas, March. 1947 (Preliminary). 

i/ Eilerts, C. K., Barr, V. L., Hamontre, H. C., Bobrowski, F., and Mullens, 
N. B., Development of Windowed Cell: American Gas Association Mcnthly, 
Oct. 1946, pp. 435-h40. . 
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the weil, where they flowed to the bottom to enter the tubing with the hydro- 
carbon rluid from the producing formation. Decrease in the rate of metal loss 
from coupons exposed to the well fluid and lowering of the concentration of 
iron in the effluerm: water indicated the degree of corrosion control provided 
by aqueous solutions of the chromates. 

: Cia laboratory tests were made of the resistance to corrosion 

_ of alloys end alloyed steels in corrosive media similar to those flowing in 
wells: To date, 9D allcys have been exposed for different periods of time to 
" the corrosive nee on of propi ionic acid, carbonic acid, and phenol. 


The rield study showed that the chromates are effective inhibitors of 
corrosion in cgas-condensate wells, and the results have been published.{ 
The use cf the chromates in the test well reduced the rate of corrosion of 
coupons exposed to well fluids from a pretest value of 0.045 to less than 
0.005 i.p.y. (inches of uniform penetration of the metal per year). The 
concentration of iron in the effluent water was lowered from 100 to 4 p.p.m. 
‘(parts per million) or less. Where the inhibitor was in contact with the 
flowing fluid of the test well, some of the chromates were reduced to triva- 
lent chromium comnounds, which are insoluble in water. Under certain condi- 
tions, which are not completely undérstocd, a part of the trivalent chromium 
comounds tended to become attached to the inner wall of the tubing near the 
entrance and form an obstruction that, if allowed to acctwmulate, lowered the 
flow carvacity of the well. It was found that the accumulation of chromic 
| compounds could be proverted and that previously formed obstructions could be 
removed slowly by maintaininy a high pH (hydrogen-ion concentration) in the. 
efflucnt water, keeping the chromate concentration in the flowing water low 
and injecting relatively lerge quantities of water into the well. 


In every test, chromates were consumed (reduced) by the fluids of the 
test well. The results of «2 study, summarized in table 1, reveal that the 
quantity of chromates consumed is controlled by the pH of the water flowing 
with the fluid in the tubing. Sodium chromate used with sodium hydroxide 
produced a pH of 7.7 in the effluent water end was consumed at the rate of 
1.21 pounds ner million cubic feet of gas. With this treatment the flow ca- 
pacity of the tubing was restored at the rate of 0.3 percent per day. Chromic 
acid, which provided 2 pH of 5.1 in the effluent water, was consumed at a rate 
equivalent to 2.67 pounds of sodium chromate per million cubic feet of gase 
With this treatment, involving a relatively low pH, the flow capacity of the 
tubing was decrcased at the rate of.0.4 percent per day despite the injection 
or water at more than twice the rates empL Oye: in the treatment providing a 
PE os fel 


Bilerts, C. K., Carlson, H. A., Smith, R. V., Archer, F. G., and Barr, 
V. L., Sodium Chromate as an Inhibitor of Corrosion in Gas-Condensate 
Wells: Proceedings, Natural Gasoline Association of. America, 1945-46, 
pp. 51-66; The Oil Weekly, Part I, Sept. 30, 1946, pp. 17-22; Part II, 
Oct. 7, 1946, pp. 30-34. Natural Gasoline Association of America Cor- 
rosion-Research Project Committee, Bureau of Mines Report: Minutes of 

Meeting, Oct. 17, 1945, vol. III, NGAA 21046, pp. 129-145; Jan. 23-24, 
1947, vol. III, NGAA 4147, pp. 255-270; May 27-28, 1ST, vol. Ui, NGAA 
1547, pp. 327- 34 2. 
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TAPLE 1. - Relation between the vH of the effluent water 
and the consumption of the chromates used 
in treating SEicbat Ce NSS well 


& 


Vateriais per million cuovic feet of gas! 


o Equiv- | 
water 7 a 7 alent | 
Iron | Sodium | sodium Coupon 
con- , Water, . hydroxide|Chromate jchromate /|Corro- 
| _Itent, jinjected, | injected, injected, consumed, ! sion, 
Injected materials PHip.p.eme| fale | lb. » 1 Ds lb. 16D. Ve 
Sodium chromate plus | a oo | 
sodisim hydroxide...17.7| 4% ' 22.7 1.94 1.23 1.21 | 0.002 
Sodium chromate.....{7-0/ 1 , 38.2 0 1.50 | 1.55 i .001 
Sodium dichromate... ba JO: 4 BS 56. 0 24307 | 2.36 |! .003 
Chromic acid ......-.-!5.1{ 4°: 455.1 1.65 


A view of the interior of the field. nebsratery: where analyses. of the 
properties of the water produced from the test well were made, is shown in 
figure 2. 


The search for a material resistant to the corrosion often found in gas- 
condensate well operation has led to testing 95 alloys and alloyed steels. 
The metal coupons were exposed: for-long periods to the corrosive action of 
propionic acid, carbonic acid, and phenol. The results of the study have -been 
reported to the waco es 0 gee Project Comnittee of the Natural Gas 
Association of America 2 7 


To be daeetactony for the manufacture of tubing for Zas-condensate wells 
subject to Counce g23 an alloy steel must meet these Ded ance 


1. High values of physical spocerties to sithatena the pressures en- 
countered in gas-condensate-wells and to withstand the treetment the tubing 
receives in completing and repairing deep wells. 


ad 


2. High resistance to the corrosive action of flowing gas-condensate 


fluids. 


3. Economically practicable so that in use its cost is not excessive 
as compared with the cost of replacing cardon steel equipment as often as 
necessnry or with.the cost of treating wells with inhibitors or neutralizing 
ezents. 


The laboratory study of the corrosion resistance of alloys and alloyed 
steels has revealed that chromium steels are not more resistant to corrosion 
thin carbon stecls unless they contain 7.5 to 10 percent of chromium. Nickel 


steels must contain more than 8.5 percent of nickel to attrin significant 
corrosion resistance. Copper-nickel steels arc economical but do not show 


C/ See footnote 7. 
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promise as materials for equipment to be used in gas-condensate wells subject 
to corrosion. The copper-nickel steels are resistant to propionic acid cor- 
rosion but are mich more susceptive to carbonic acid corrosion than are carbon 
steels. Figure 3 is a photograph of some copper-nickel coupons that have been 
exposed in carbonic acid. The stainless chromium-nickel steels and the chro- 
mium-nickel castings all showed favorable corrosion resistance. 


Emphasis has been placed on determining the significance of the period 
of exposure in the testing of alloys for corrosive resistance. The metals 
are tested by exposures to the corrosive media for periods of 1, 28, 70 and 
140 days. This is important, because it is not known when one of the tests 
most accuratcly simulates the conditions that prevail in corrosive wells. If 
a film of corrosion.products is left to accumulate undisturbed on a metal sur- 
face exposed in a corrosive medium, the rate of corrosion of the coupon may 
change as the period of exposure increases. If the film is protective, the 
rate of corrosion will decrease with time; if the film is not protective, 50 
that pitting may result, the rate of corrosion may increase with time. How-. 
ever, the film may not change the rate of corrosion, and metal losses then 
will be lincar with time. Table 2 shows how rates of corrosion of several 
classes of metals are affected by the period.of exposure. 


TABLE 2. - Characteristic change in rate of corrosion with 
yneriod of ccontimious exposure 


Menner cf rate change in indicated medium 


Metals tested —- | Pro.ionic acid {| Carbonic acid ! Phenol 
Nickel sStecls cecccoce, ncereases Lincar | Linear 
Chromium steels ....-.; Decreases Lincar | Linear 
Copper-rnickel stecls..! Increases Decreases | - 
Copnver-nickel alloys... ! Linear 1 ‘Linear A ~ 
Low-carbon steels .e.e: Decreases _ Inereases | Indefinite 


a a sss SS Sn pf iS GSAS 
Petroleum Engineering Field Studies 
Carthage Field 


The Carthage, Tex., gas-condensate field, although discovered in 1936, 
developed during the war into one of the major natural-gas reserves of the 
Nation. The productive area is estimated to be 275,000 acres, with 2kh com- 
pleted wells (Jan. 1, 1947), of which 156 are dual completions producing from 
two formations and 88 are single completions. Over 170 billion cubic feet of 
gas had been produced from the field by January 1, 1947. Bureau engineers 
have completed the field work and have assembled cross sections, subsurface 
maps, and correlation sections describing the subsurface geology of. the three 
principal gas-bearing formations, which are the Hill, Upper Pettit, and Lower 
Pettit. 


New Hope Field 


Enginecrs in the Dallas office have continued 4 formal study of the New 
Hope field, Franklin County, Tex. This field of 4,000 acres overlies one 
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Figure 3. - Coupons of copper-nickel alloyed steels at conclusion of 98-day exposure 
test in aqueous solutions of carbon dioxide at 200 psia. and 130° F. 
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limestone end three sandstone reservoirs, in which about 55 wells have been 
drilled. The crude oil in three of the reservoirs is undcrsaturated with 
gas, and the movement of. edge water into the reservoirs is impeded by low 
permeability of the reservoir rocks. ‘As the reservoir pressure in three res- 
ervoirs had declined sharply, and many wells have ceased flowing, it is ap- 
parent that the propulsive forces driving the oi1 to the wells is derived 
almost entirely from expansion of the reservoir fluids. Water is being in- 
jected into two reservoirs as a means of arresting the declines in pressure, 
but the low permeability also impedes the flow of extraneous water into the 
reservoir, and extremely high pump pressures are requirec at the surface for 
the introduction of relatively small volumes of water. As a result of this 
condition, the volume of reservoir fluids withdrawn exceeds the volume of | 
extraneous fluids introduced, and the pressure continues to decline. eee 
factory progress is being made on the study, and a ‘report should be complete 
during the next Fiscal sears 


Sheridan: Field 


A study of the Sherican gas -condonsate ficld was begun at the request of 
the Petroleum Administration for War. This study was continued after the wer 
because of the general interest Gea eeee gas-condensate reservoirs and 
the probable importance of these reservoirs as future reserves of gas and 
liquid hydrocarbon. A report has been completed and will be’ issucd shortly. 


A number of dual ceusictions in the Sheridan field have deen: Sreaitic 
tioned to produce only from one zone on account of corrosion, which has become 
I serious 3 problem in this field. 


The Sheridan seeing Plant was designed to process 100 million cubic feet 
of wet gas daily from wells completed at depths of approximately 9,300 and 
10,300 feet and to return about 80 million cubic feet of residue gas to the 
two principal gas-bearing zones at pressures of aprroximetely ,000 p.s.i. 
From August 1945, when the plant. began operations, to March 1, 1947, 35.3 
billion cubic feet cf gas have been processed, from which 2.3 million barrels 
of hydrocarbon liquid have been recovered - an average recovery of 2.8 gallons 
per M cubic feet of gas.: During this period, 30.8 billion cubic feet of ges 
have been returned Crone five input wells to: the principal gos ~-bearing 
Strata e 


Leke crock Field 


The Lake cfeak pagecbntenseeey ficlid in Montgomery County, Tex., was dis- 
covered in February 1941 by the Superior Oil Co. | 


The gas-producing section of the Wilcox formation in this field, botwcen 
the approximate depths of 6,800 end 11,800 feet, has been divided into nine 
producing zones; each zone consists of one or more producing strata. The res- 
ervoirs in the field have been developed by 29 wells. A number of wells heve 
been completed to produce from two or three zones through separate flow chan- 
nels. The extremely low permeability of the gas-bearing strate (average 25 
millidarcys or less) draws attention particularly to thé flowing characteristics 
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of the wells and pressure-production relationships, whereas the high hydrocar- 
bon content of the wet gas (average 5.9 gallons per M cubic feet) offsets in 
part the relatively low initial production of gas and the eee eae awe 
from the poe wells. 


The volume of Zas treated from August 1943 to January 1, 1947, in the 
cycling plant erected in this field and designed to process 68. 5 million 
cubic feet of wet gas caily was 39.5 billion cubic feet of gas, from which 
5.6 million barrels of hydrocarbon liquid wes recovered. During this period, 
26.9 billian cubic feet of gas was returned to the producing reservoirs 
through five injection wells at a well-head pressure of approximately 4,100 
pounds per square inch. Corrosion has not been a serious problem in the Lake 
Creek field. 


- The restricted eee on the Lake Creek field, developed and prepared 
for the Petroleum Administration for War, has been brought up to date and re- 
vised in accordance with information revealed in drilling new wells. This 
report, containing 29 illustrations and 25 tables, will be issued as a Report 
of Investigations. 


Rangely Field 


- Research regarding the characteristics of the Weber sand reservoir in 
the Rangely field, Colorado, and of the oil in that reservoir was continued. 
The results are providing the operators with information that will enable 
them to adjust oil-producing operations so as to obtain maximum economic re- 
covery. The study also is providing data on the nature of the reservoir, al- 
though some of its characteristics are still undetermined. It has been deter- 
mined that the oil in the Weber sand reservoir has characteristics that vary 
‘considerably from place to place, depending somewhat upon its position on the 
structure. | | | | 


Special Problems of North Lindsay, Okla., Field | 


Following ‘a plan of making studies of important newly discovered ofl 
fields, the Bureau is investigating the physical properties of reservoir oil 
from. ene North Lindsay, Okla., field. The field lies on the edge of the 

Anadarko Basin, which is being sub jected to an intensive drilling campaign 
and which is considered the most promising area for the development of future 
oil reserves in Oklahoma. Examination of subsurface samples from three oil 
wells has revealed the following unusual characteristics: :(1}) More than two 
barrels of oil are withdrawn from the reservoir for each barrel of oil col- 
lected in the stock tank, (2) approximately 2,500 cubic feet of gas is lib- 
erated from each barrel of ‘oil produced into the stock tank, (3) the viscosity 
of the oil in the reservoir is less than that of water at reservoir tempera = 
ture. The data indicated that the use of two gas-oil separators in series 
between the wells and the stock tanks will result in more than 3 percent 
greater oil recovery than the conventional single gas-oil separator. Because 
little is known of the physical properties of oils of the type found in the 
North Lindsay and adjacent reservoirs, the findings of the Bureau may play an 
important role in arriving at more efficient production practices. . 


2564 . Ibs 


Google 


ToC. TH84 


Plans have been made to furnish the industry with a preliminary report 
of the field and laboratory data on the North Lindsay field eee publica- 
tion in a trade: journal. — 


ppecea! Study of Reservoir Oils $s Naval Petroleum Reserve No. 1, 


Elk Hills Fi eres SNS 


At a request of the United States Navy ,. tis Bureau of Mines, during the 
war, studied the reservoir oils from five wells in the shallow zones of the 
Naval Petroleum Reserve No. 1, Elk Hills field, California. Release of this 
information was obtained, and a report9/: has been published showing (1) pres- 
sure -volume -temperature and viscosity data of the reservoir oils tested, (2) 
correlation of some physical properties of the reservoir oils with A.P.I. 
gravities of the produced oils, and (3) application of material-balance con- 
cepts to a newly discovered: oil. reservoir. that resulted in increasing the 
proved oil reserve and potential production’ ‘of the field. 


The material-balance sense ionsl9/ were applied to the reservoir in the 
Above Bittium sand discovered on May 1, 1945. Following completion of the 
discovery well, 82-2B, two offset wells were drilled - one to the east and 
one to the west of the discovery well. The Above Bittium send was not found 
in either offset well, which led to the:general conclusion that the reservoir 
penetrated by well 62-2B was a lenticular sand of limited areal extent. Ac- 
cordingly, no further immediate plans were made to drill additional wells. — 


Knowing the physical characteristics of the reservoir oil as determined 
on the subsurface oil sample from well 32-2B, subsurface pressures and tem- 
peratures and the cumulative production of ofl and gas made it possible to . 
apply material-balance calculations to the rescrvoir content. These calcula- 
tions showed a substantial source of reservoir energy. Consideration of the 
relation of the Elk Hills structure to the regional geology and the abnormally 
high initial reservoir pressure in the Above Bittium sand led to the conclu- 
sion that the indicated energy probably was not the result of an active water 
drive. Material-balance caleulations.then were made for the assumed reservoir 
conditions that the volume of oil removed from the reservoir was replaced (1) 
only by the expansion of the gas-saturated reservoir oil; (2) only by the ex- 
pansion of free gas in the reservoir; (3) only by the expansion of water in 
the extraneous erve of the reservoir system. 


It was found that the energy available from the expansion of either. 274 
million barrels of water, 6.5 million cubic feet of gas, 3.3 million barrels 
of o11 or a combination of these volumes in the reservoir would provide the 
12 p.s.i. decline in reservoir pressure resulting from the production of 
8,260 barrels of oil. It was considered unlikely that the reservoir was large 


yy, Cook, Aiton B., and Shea, G. B., Special Studies of Reservoir Oils in 


Naval Petroleum Reserve No. 1, Elk Hills Field, Calif.: Bureau of .Mines 
Report of Investigations o5h. 1947, 60 pp. 

10/ €ook,. Alton B., Magnolia O11 Field, Columbia County, Ark. Derivation and 
Application of “Material. Balance Equations: Part II. Bureau of Mines 
Report of Investigations 3720, 1943, py. 34-99. ... 
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enough to contain water of sufficient volume to furnish more than a smll 
portion of the energy, Furthermore, well 82-2B is near the axis of the Elk 
Hills anticline, and because the subsurface contours. generally follow the 
major outlines of the surface structure it was concluded that if there were 
free gas it supplied only a small part of the reservoir energy. 


As a result, Unit Operation decided to drill another well down-structure 
from well 82-2B. This well, 84-2B, was completed as a flowing well in the 
Above Bittium zone on August 4, 1945. Subsurface conditions in the reservoir 
and the productivity of the offset well were similar to those of well 82-2B. 
This is an outstanding example of the application of engineering reasoning 
leading to a successful field SPenateoe that other wise might have been de- - 
layed for some time. 


Gevreiatisen of Physical Properties of Oils 


In continuation of the Burceu's Long-range study to joteuiies the rela- 
tion between the physical characteristics of reservoir oils and the properties 
of oils as produced at the. surface, data wore. collected from the Elk Hills, 
Calif., North Lindsay, Oxlae, Ranzely, Colo., and New Hope, Tex., oil fields. 


| 'Exampics of what may be accomplished by using correlations have been 
reportedil/ and are illustrated in figures 4, 5, 6, and 7, which show. the 
relation between the A.P.I. sravities of produced oil and viscosity, oil =~ 
density, combressibility, thermal expansion, volume of gas in solution, and 
shrinkage of the reservoir oils. The relationships may be used to estimate 
like vroperties of other oils in the same ee the gravity range with- 
out analyzing subsurface samples.of the oils. 


Data from the New Hope and North Lindsay. fields are considered espectally 
valuable in this study, a3 they have high A.P.I.. ereveraces Previously, only 
‘a few data qn this type of oil were available. : 


‘Well-§ Spec ing Studies. 


The oil industry and all. consumers of its products stand to benefit 
from well-spacing investigations directed toward improved operation of oil- 
producing properties. Rising demands for nearly. all petroleum products and 
existing or impending domestic shortages of many refined oils evince the 
scriousness of the present need for increasing recovery of crude ofl from oil 
fields by continued research and application of technological advances.. | 


Recognizing that the welfare of the public is concerned and that an. 
industry-wide economy is related directly to their well-spacing studies, 
Bureau of Mines engineers have been making exhaustive theoretical and field 
investigations.of various aspects of -the-weli-spacing problem. Their goal 
is to find practical means for determining the minimum mmber of wells that 
should be drilled in oil fields to effect maximum oil recovery consistent 
with profitable operetion. = 


see footnote y. 
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Figure 5. - Relationships between A.P.1. gravities 


Gravity of oil, degrees A.PI. at 60°F. 


and oil density, com- 
pressibility, and thermal expansion of 
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of produced oil 


Figure 4. - Relationships between pressure-viscosi- 
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More specifically, methods are sought whereby the optimum number of wells 
for new or recently discovered Tields can be determined in advance of field 
development and then applied in the pienning or drilling programs. With re- 
spect to older fields, the main objective is to develop methods of analysis 
for determining whether the quantity of petroleum yet to be recovered could 
be increased if additional wells were drilled, and whether such a venture 
would be economically sound. 


With these aims in mind, Bureau engineers have been studying oil-field 
data pertaining to about 150 different fields throughout the United States. 
Most of these data have been published only recently and, because of their 
completeness, cone ee tite an excellent source of besic information. 


A multitude of possible correlations of field data have been attempted 
for reservoirs having similar characteristics. Thus far, it appears that 
the total quantity of recoverable oil from most types of reservoirs increases 
if the distance between wells is decreased. Significantly cnough, however, 
tentative conclusions indicate that the probable gain in oil recovery caused 
by closer spacing of wells in many of the fields would be more than offset 
by the additional drilling costs and. operating OXPENSES - 


It hes been observed, further, that physical properties of crude oils 
affecting oil-recovery efficiencies possibly may be accounted for in terms 
of the A.P.I. gravities of the oils, and that oil-recovery efficiencies in 
general increase with the "lightness" (A.P.I. gravity) of the produced oils. 
If, for cxample, two fields could be identical in all resvects except for 
the gravity of the produced oil, the field producing the lighter oil apparently 
should yield the greater quantity of oil. | | 


It is expected that continued accumulation and enalysis of field data 
will either substantiate the tentative conclusions already drawn or otherwise 
lead to a better understanding of relationshivs between well spacing and 
reservoir behavior. 


Theoreticel investigations based solely on physical and mathematical 
reesoning heave been undertaken by Bureau engineers in an effort to develop 
explanations for tentative conclusions emanating from field studies. In this 
connection, no two fields are exactly alike, end thus conclusions premised on 
direct comparison between well spacing and estimated ultimate oil recoveries 
are always open to doubt, even for fields having similar characteristics. In 
contrest, it may be possible, through theoretical analyses, to determine, under 
idealized sets of conditions, the effect of various spacing interv2ils (distance 
between wells) on oil-recovery efficiencies. If, in this endeavor, the meni- 
tude of various factors” (excluding spacing intervals but including such en- 
titles as interstitial water content and permeability of reservoir rock) effect- 
ing oil-recovery efficiencies can be evaluated, then it may be possible to 
ad‘ust field data properly before direct pomparieons are made among similer 
fields regarding well spacing-recovery relationships. 


In its well-spacing studics, the Burecu has maintained close liaison with 
the American Petroleum Institute Special Study Committce on Allocation of 
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Production and Well Spacing, has worked with many oil-company engineers and 
officials vitally interested in the problem, and recently has established a 
relationshir with a group of engineers in California studying the subject 
under the euspices of the Petroleum Division of the merce Institite of 
Mining anc. Metallurgical Engineers. 


Studies of the Effect of seca ei 
Upon Core Analysis 


Knowledge of the quantities of oil and weter present ina reservoir sand 
is necessary for determination of oil reserves and evaluation of ofl property. 
Efficient operation in recovery of oil from petroleum-bearing reservoirs is 
based upon an accurate knowlcdge of the quantities of oil, gas, and water 
present in the reserveir.. This knowledge is no less-important in: secondary- 
recovery problems, which are increasing in the oil industry as the end of the 
flush production of many of the country's large oil fields is approached. 


When cores.are cut from e petroleun-bearing formation with water-base 
drilling fluids, some water usually filters from the drilling fluid into the 
formation, displacing resorvoir fluids. Consequently, the cores recovered at 
the surface contain not only an unknown amount of drilling-fluid filtrate but 
also only part of the oil end water. that was in the formation before the hole 
was drilicd. For that reason, the results of analysis of cores cut under such 
conditions do rot show the true picture of the reservoir fluid contents. Con- 
sequently, engineers usuelly sre compelled to make a rough estimate of the 
relative percentages of oi1 and water in most reservoir sands. 


The Bureau of Mines, in cooperation with the Amcrican Petroleum Institute 
and several oil compeni¢es, is carrying out a series of tests to find improved 
methods for measuring the degree of contamination of cores by drilling-fluid 
filtrates. In these tests, cores are cut with an oil-base drilling fluid, 
because filtrate from this fluid is known by test to penetrate porous forma- 
tions less than the filtrate from water-base drilling fluids. A tracer is 
added to the oil-base drilling fluid, so thet a quantitative measure can be 
made of the volume of filtrate that enters the cores. The tracer is an organi 
chloride that is insoluble in water, highly soluble in ofl, very stable at 
high temperature, end not casily vaporized. Samples of the drilling fluid are 
obtained while the cores are being cut, so that the concentration of the 
tracer in the filtrate from the drilling fluid can be determined and the vol= 
ume of the filtrate per unit weight of tracer calculated. 


Although such fluids were in the bore hole, cores were cut from a well 
in the South Coles Levee field, California, and the Rangely field, Colorado. 
At the wells, the cores were cleaned of drilling fluid. and sealed in tin cans, 
care beirg taken to minimize any loss of vapors from the core samples before 
the cans were sealcd. These cores were taken to the laboratory, where, in 
addition to the customary core analysis, approximately 300 determinations ofr 
tracer content were made. Detailed measurements of the properties of the 
drilling-fluid samples have been made. Now that nearly all of the field and 
laboratory procedures have been completed, analysis of the data has been 
started. After the data have been analyzed, a report will be prepared for 
publication. 
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SECONDARY RECOVERY 


Increesed interest in secondary recovery of oil and the part it must 
vlay in the future of the petroleum industry and the country as a whole was 
evidenced in many quarters during the year. The following statement by Paul 
D. Torrey, national chairman, Secondary Recovery Committee, American Petroleum 
Institute, to the Secondary Recovery Forum in Washington, D. C., May 15, 1947, 
is typical of many rade during the year: a 


I desire to emphasize the magnitude of the problem which con- 
fronts us. Certainly, great progress hes been mede in recent years 
in the development of. methods for increasing oil recovery, but 
there remains much yet to be done. We still need to expand our 
sights and think in terms of literally billions of barrels of un- 
recoverea oil, which might mean the difference between victory or 
defeat should our country become involved in another war which 
might eliminate the availability of foreign sources of crude 
supply. Surely this is a matter of such vital importance that 
we should be condemned severely if we do not adopt every measure 
in our power to insure an adequate crude reserve for the nossible 
future needs of the United States. 


The increased interest in secondary recovery was responsible for numerous 
requests from the general public, trade associations, and trade journals for 
results of Bureau of Mines secondary-recovery studies and for information about 
the work. An articlelé/ describing briefly several projects on which work is 
in progress was prepared for one of the trade journals. Bureau engineers 
worked closely with numerous other agencies interested in stimulative methods 
of oil production, including the Interstate Oil Compact Commission, the 
American Petroleum Institute, the Pennsylvania Grnide Cruce O11 Association, 
the North Texas Oil and Gas Association, and others. An extensive bibliog- 
raphyl3/ covering all.articles on secondary-recovery methods of oil production 
*s prepared annually for the Socondary Recovery Committee of the American 
retroleum Institute... _ 


Methods of Increasing the Recovery of Cil 
Field Studies | i : 
The Bureau of Mines has published histories of water-floocing in Illinois, 


Kansas, and Oklahome. The latest of this series, dealing with water-floodcins 
in north Texas ,L4/ was published in July 1946. In Texas, water flooding has 


Taliaferro, D. B., Secondary Recovery Research of the Buresu of Mincs; 
Independent Monthly, vol. 17, No. 6; October 1946, pp. 15-18... 

13/ Taliaferro, D. B., 1943-1945 Supplement to the A.P.I. Bibliography on 
Secordary Recovery’of Oil: Proceedings, Twenty-fifth Annusl Meetirg 
Arerican Petroleum Institute, sec. 4, Production Bull. 231, November 
1945, DP. 15-28 e 

4/ Grandone, Peter, Jessup, D. A., and Taliaferro, D. B., History of Water 

Flooding of O11 Sands in North Tcxas: Bureau of Mines Report of In- 

vestigations 3906, July 1946, 117 pp. 
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been limited largely to the old "Shallow" fields of the north-central part of 
the State in an area extending south through Wichita and Clay Counties, on 

the Red Fiver, into Brown County. The projects center mainly in two oil- 
producins districts known as the Burkburnett-Wichita Falls District in Wichita 
County anid the ED nee vs strict in Young Ene 


The injection of water aks oil-bearing formations through selected wells 
to stimulate production at other wells began on a systematic basis in Texas 
in 1936 with a srall experimental project in Brown County. By 1940, seven 
initial projects in three counties had demonstrated the practicability of the 
method in the north Texas "stripper" ficlds, and by the. end of es the prac- 
tice had extended into five additional counties. 


A tctal of 38 water -flooding er ee 1,970 acres, was under- 
taken in the first & years of weter flooding in Texas, each of which is de- 
scribed in the published revort. A total of 1,141,000 barrels of oil was 
recovered from these projects by the injection of 12,062,000 barrels of water. 
Report of Investigations 3906, describing these operations, has been in demand 
Since it was released, ani its second reprinting was ordered in June 1947. 


In Noveriber 1946, the Bureau of Mines, in cooperation with the North 
Texas Oil and oe Association, opened an office in Wichita Falls, Tex., to 
' make field stutics and to do other work that will be of assistance to opera- 
tors of eae score projects in that area. Because of popular demand, 
the first undertakinys of “re personnel assigned to the Wichita Falls office 
was to prepare a sueoionese to the earlier reportl3/ on the history of water 
flooding in north Texas. Nony of the necessary data were collected, and the 
report was being written as the fiscal year closed. 

D. B. Taliaferro and R. K. Guthrie prepared a paperL6/ for the annual 
secondary-recovery meeting of the North Texas O11 and Gas Association, which 
briefly reviewed the results that had been obtained on 11 typical water-flood- 
ing projects in north and north-central Texas. Figure 8 shows graphically the 
results obtained on one of the cutstanding projects described in the report. 
This project includes only 25 productive acres, on which there were 13 old 
wells when water, flooding was initiated. Only two new wells were drilled. 

The shaded area cn the figure represents 72,000 barrels of oil estimated to 
have been recovered over and above that which would have been produced to the 
end of 1946 hed pre-flood production methods been continued. Extrapolation 
of the production-decline curve indicates a probable ultimate recovery by 
water flooding in excess of ty 100 barrels of oil per acre. 


JA type of work that is of great value to operators initiating secondary 
recovery projects is the engineering study ‘of selected fields suitable for 
the application of secondary Becoueey methods. Such a reportl7/ was published 


see footnote 14. - 
'16/ Talieferro, D. B., and Guthrie, Ra hes Results of Water -Flooding Oil 
Sands in: North and North- Central Texas: Producers Monthly, vol. ll, 
Noe 5, March 1947, pp. 15-26. os | 
17/ Johnston, Kenneth H., and Rizgs, C. H., Secondary-Recovery Practices and 
Oil Reserves in the Lastern Part of the Delaware-Childers Field, Nowata 
County, Okle.: Burcau =f-Mines Report of Investigations 4019, December 


1946, D0 pp. 
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Figure 8. - Production history of White & Duncan, J. S. Webb water-flooding project, Archer County, Texas. 
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in December 1946 giving the results of an extensive study of the castern 

pert or the Delaware-Childers field in Nowata County, Okl2. The report in- 
cludes a cemplete production history, a study of cxisting secondary-recovery 
operations, isopachous or sard-thickness map, sand-contour mans, annlyses of 
reservoir fluids and estimates of the ofl reserves left in the sand, and the 
quantity of oil that may be recovered by systematic, cfficient eee flooding. 
The area studied covered 6,800 productive acres thut were first developed in 
1906. The report shows that 23 million barrels cf oil were produced from the 
eastern part of the ficld by primary production methods during the first 20 
years of operation. Air-gas injection wis initiated in 1925, ond during the 
next 20 years 17 million additional barrels of cil was recovered. It is esti- 
mated that 28 million additional berrels of oil can be recovercd from the 
reservoir by the efficient application of water floodins. 


The aoe teetiee report on the eastern part of the Delaware-Childers field 
was too long for publication by the trade journals. A condensaticn18/ of the 
report was prepnred, nowcver, which contained many of the important data con- 
tained in the longer report. The shorter report was published by one of the 
leading trade journals and served to bring the results of the study to the ate 
tention of a greater number of secondary shee operators. 


West Red River Field, Oklahora 


The first draft of the West Red River report has been prepared. This 
report deals with a relatively sm:1l lenticular sond field th-t was first de- 
veloped in 1920 and 1921 by 31 wells. These earlz-drilled wells were bottomed 
in the upver half of the oil-producing Sand section. At 2. later cate the field 
was extended, and ths full reservoir section was developed by Ceepening the 
wells. The complete history of this field centers largely zround shooting the 
formation with nitro-glycerin te increase production, deercning the old wells 
to include the entire sand section, vecuum operations, repressuring, and 
drilling new wells. The West Red River field virtunrlly has reached the eco- 
nomic limit of production by primary and secondary methods of repressuring 
with gos end air. The most fnvorable method remiining to increase production 
and extend the life of the wells prob2bly is water floofing. 


Producticn from essere sieesaeed lenses in the West Fed River Piela 
to January 1, 1947, from a maxinum of 61 wells was 6,903,000 barrels of oil 
end SpE tely 7 billion cubic feet of gas. The study of the West Red 
River field is to be relensed as 1 joint report by the engineers of the Bureau 
of Mincs and the pecnae eee Survey e 


on me. 


Plowir versie Punpin of O11 Wells on Air-Gas Injection Projects 


In Janucry 1944 the Bureau initiated research involving experimentation 
in ofl fields near Oil City, Pa., to reduce to practice (if feasible) flowing 
rather than pumping oil wells on air-gas injection, secondary-recovery 


Johnston, Kenneth d., oo Riggs, C. H., Secondirry-Recovery in the 
Delaware-Childers: Ares O11 Weckly, vol, 125, No. 11, Mey 12, 1917, 
PDe 57-58, 60-62, 6h, a 
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prejects. The production method was found practieal and has proved popular 
among operators. Numerous local flowing installations followed the initial 
one, affording the Bureau the opportunity to use real oil wells and fields | 
in its ctudies on the applied research phase of the program. To date one 
reportl?/ has been vublished. =* 


: The initial objective of this study was to devise means to siphon-flow 
intermittently rather than to pump intermittently the oil produced on air- 
gas injection projects, utilizing the energy inherent to.the gas accompany- 
ing tne ofl into the eis bore to flow the oil to the surface rather than to 
dissipate most of the energy in the gas, as customarily practiced when pump- 
ing the welis. This study haus now crystallized .into four separate but re- 
Jatcd parts, ench of which will be the subject, eventually, of one or more 
publicati rs; . (1). An investigation to determine the feasibility of Plowing 
the oil produced on air or air-gas injection projects, (2) laboratory research 
on factors affecting the design of flowstrings (siphons), (3) study of the 
effects of sas- or air-gas-injcction rates and pressures upon oil-recovery 
rates and ultimate recovery, and (4) investigation of air- or gas-injeetion 
operations wnoere restcorztion of reservoir pressure and flowing of the oil 
wells arc heing practiced. Ali four parts of the flowing investigation are 
being carricd on simultancously, but the first has reached the stage where. 
m2 ees Meaee has been initiated. 


A 10- toot laboratory rodel of a well aie to duveaticete the Pinas 
mental characteristics or siphon flow through small-diameter pipes was rebuilt 
during the year to improve the accuracy of experimental results. The model 
consists of a “well" made of plastie tubing 2 inches in diamcter with plastic 
tubes of various diamctcr uscd as Tflowstrings. There are tanks containing the 
oil used in the cxperiments with auxiliary manometers,.gas-oil separator, gas 
meter, pressure regulator and valves to control and indicate the flow of oil 
and air through the apparatus. During the year the model has been operated 
to obtain fundamental data-only as time permitted from field work. The opera- 
tion of the model has been conducted minly to verify observations made in. the 
field of flowing wells in which siphons, whose designs were based on labora- 
tory data previously obtaincd with the model, are in operation. Fundamental 
data on siphon-type flowstrings were obtained, however, on 1/4-inch and 1/2- 
inch tubes with various numbers and sizes of: orifices. Most of the experimen 
have becn conducted in the renge of 30 percent and higher submergences in 
order to determine the most efficient characteristics of the flowstrings 

studied. 


Grent, Bruce F., end Bossler, Robert B., Experimental Flowing of Oil 
Wells on Air Injection Frojects in Pennsylvania: Petroleum Engineer , 
vol. 17, No. 11, July 1946, p. 103, 104, 106, 1 fig.; Oil Weekly, vol. 
122, Now “7, guly 15, 1946, p. 38, 4o, “42, 1 fig.; Producers Monthly, 
vel..10, No. 9, July 1946, p. 38, ho, Aa, 4O, 1 fig. (The same report 
was published under the title "Peperiments on Flowing Oil Wells in 
Venango Field Watched with.Interest; May Cut Costs:" The Blizzard 
Newspaper, Oil City, Pa., vol. 102, No. 62, August 3, 1946, p. 1 ana 
9+) 
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A fundamental rélationshiv. has been found between the rumber and size cf 
orifices in relation to the diameter of the flow tube. In later experiments 
it has been learned that the number of orifices did not matter, orovided the 
total cross-sectional area ‘of the orifices:wes the same. The relationship 
has beer reduced to a ratio’ between the total cross- -sectionsl area of the 
crifices to the cross-sectional area of the flow tube. The Ripe of the ori- 
rices used in field installations is a factor only in thet too small an ori- 
fice is likely to plug with wax ‘or encrustations from mirers1 waters produced 
With the oil. 


Experiments during the ‘latter part of -the year were confined mainly to 
those wherein the submergence ratio was below 30 perceny even though the ef- 
ficiencies are ‘lower than for the previous experiments. Many ficld installs- 
tions operate with submergence less than 30 percent. To date, a11 of the 
funcamental relationshivs proved in the laboratory nave been applied success- 
fully to field practice. For eyample, several sivhon.flowstrings installed in 
wells failed initially to produce oil by flowirg. After the retio between. 
orifice size and flow-tube diameter was corrected, 2s indicated by laboratory 
Gree. the wells flowed properly. | 


Submergcnce is the length of a static column of well liquid that is 
equivalent to the ges pressure jin the annulus between the flowstring and the 
casinz or well bere at the point of gas entry to the flowstring. For conven- 
lence, submergence ‘has been. reduced to a simrlur tern - "percertage submer 
cence,' ' which is the ratio, expressed as a percent, bctween the: Se 
end the tctal length of the flowstring cbove the eriricons hus, im pracuace, 
if one knows the closcd-in wellhead pressure, the oil, water, and gas vroduc- 
tion rates, and the depth of the well; 2 siphon flowstring 1,100 fect long, 
or less, ordinarily can be designed in accordance with the relationships be- 
tween perecntage submergence and the jet:flowstring area ratio data cbhtsined 
in experiments with the model well and verif? ed in the yisld. | > 


AS soon es the fundamental relationshins between ditional sizes of 
Small-diimeter pipes are ascertained, the eee: will be devoted to de- 
termining the relationship that exists between all the vracters proved to 
dsete ard the length of the flowstring. The length Sir Tlowstring is the 
one factor that hes not bcen taken into consideration in the lcboratory work. 
Feenusc of the shortness (10 feet) of the “well,” it is not known whethtr 
tnese characteristics can be determined With this icce of equipment. If tney 
cannot be, a longer tube installation will be utiliz 


Cil-Well Reccnditicni 


in the Apnalnchtan Kegion 


The reconditioning of 011 wells is ene of the most imnortant proolems 
confronting operetors in the Appalcchian region, becuse the wells «re cld 
eni the gas pressure initially in the reservoirs has been virtunlly depleted, 
In areas where seccndcry. recovery operations have mot been initiated, recor- 
d2 G2 Ons rz i008 * the, wells is.the, most promising means of minteining their prce- 
ductive lives. It has been estim.ted that 1és3 tha 15 percent of the wolls 
in the Appelachian region ire inflvenced by seconéery recovery metnods. Con- 
sequently, the remaining .pproximitelr 114,000 wells depend fer their survival 


Google 


I a e They 


on orofiteble overation, which requires sustained production rates maintain- 
able meinly by periodic clean-out procedures. 


For several years enzineers of the Franklin office have been studying 
oil-well reconditioning in the Appalachian region. Otl-well reconditioning 
as vracticed in the Apnalachian region is essentially a clean-out operation. 
Statistical data on such operations have been accumulated over a period of 
years, and analyses have been made. A report20/ on this work was completed 
during fiscal 1947. 


The report is an enginecring statistical analysis of the results of 
clean-out operations on 366 wells from the vicinity of Pittsburgsh, Pea., to the 
southern extremity of West Virginia and in scutheastern Ohio. This revort 
on reconditioning results and methods in use in southern Appalachien Pields 
is perticularly timely, as there ere a large mumber of wells in dire need of 
Clean-out because of increased operating ccsts and inflexible price structure 
imposed during the late wer. The productive sands in the area studied occur 
at depths ranging from 1,009 to 3,000 feet, so that redrilling in connection 
with secondary recovery development necessarily will be limited, and the future 
of oll production in these fields is directly dependent on keeping the exist- 
ing wells in operation. 


In addition to studying clean-out methods and precedurcs, an effort was 
made to determine the actuzl increased of1 vroduction attributable to clean- 
out jobs by analyzing the production history cf each of the 366 reconditioned 
wells. A study of the 1,058 clean-out jobs disclosed that the everage cost 
wes $29, and thirtyv-cight 8-hour days of rig time were required to complete 
it. Frocuction was 29 barrels of oil per month for the average well before 
clenning and 67-1/2 barrels of oil per month efter cleaning. The increased 
production of 38-1/2 barrels per month cost $23.25 per increased barrel of 
o21 ver month. For comparison, it was estimated from figures published during 
the pest 7 years ty the West Virginia Denartment of Mines on initial oil pro- 
duction of new wells in West Virginia, and the assumption that it cost $12,000 
te drilj. and complete a well, thet each new berrel of oj1 per month cost 
$25.60. On this basis, the sconomics of clran-out work compares favorably 
with new drilling .s a means of increasing oil production in West Virginia. 


Ulricicnt Rates ard Pressures of Injection 


Ajthough water flooding has been vracticed for about 25 years, there stil 
ig much to learn absut the mechanics of the process. There is no agreement as 
to the most desiracie injcction rate, although it is generally agreed that 
there is a miximim pressure thet may be applied on any reservoir without 
damage to the sund. Excessive pressures cause cracks to form in the sand, 
throush which most of the injected water will flow to nearby oil-producing 
wells. Very little work has been done in some water-flooding areas to deter- 
minc whet maximum pressure can be epnlicd safely, and only eae few operators in 


srani, Bruce F., Oi1-Well Reconditioning in Southwestern Pennsylvania, 
West Virginia, and Southeastern Ohio: Bureau of Mines Report of Inves- 
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these areas have made tests to determine how their invut wells are performing. 
A study of this important problem was initiated by Eureau of Mines engineers. 
Many tests are being made on water-input wells to find the maxirum limits of 
oressures and rates. These- will be followed by other. tests to determine the 
pressures and rates that will give’ the most efficient recovery of oil from 
the reservoir. 


selective Plugging 


Oil reservoirs are made up of porous rock formations that almost always 
consist of numerous strata of widely differing permeabilities. In the sec- 
ondary recevery of oil by water flooding or by gas injection, the most perme- 
able sections are flushed of their recoverable oil first. Those strata from 
which a large percentage of their producible oil has been swept take fluid at 
the input wells and prodtce it at the oil wells at increased rates, while the 
strata of low permeability may still retain most of their producitle oil. 


A study was initiated of methods and mterials that might be used to 
plug selectively the most permeable parts of the sand after the recoverable 
oil has been removed. - Numerous experiments were made in tne laboratory on 
well cores with emulsions of asphalt and resin es the plugging media. These 
materials appear to be suited for this purpose, and arrangements are being 
rade for field tests. 


Core and Water Laboratory 


A revort was publishea2L/ describing a method developecd in the Burcau of 
lines leboratories for the determination cf the oil and water saturaticn of 
oil-field cores. The method has been adopted by several core-enalysis labo- 
retories. It has bcen found to be simple and yet umusually accurate, and the 
necessary equipment mey be purchased at a reasonable cost. The necessary 
technique may be acquired easily and quickly. 


The determination is made bv extracticn and measurement of loss in 
weight, using a modification of the A.S.T.M. apparatus for the determination 
of water in petroleum products. The core sample is crushed to fregments 1/4 
inch or less in diameter and is placed in an alundum thimble thet has been 
oven-dried and weighed. The thirble and contents are weighed, and the thimble 
then is piaced in the. neck of a flask designed to support it above tne solvent 
in the body of the flask. Toluene is a suitable solvent,: although others 
might be used. <A water trap and condenser are fitted to the flask, and the 
entire assembly is placed ona het plate. The water is distilled Pro oni the test 
Sample and collects in the graduated trap, where its volume may be read di- 
rectly. The refluxed sclvent returns to the flasks through the porous thimble 
until all the oil nes bean extracted from the sample. The porous thimble then 
is removed fron the flask and dricd in an oven. The vclume of cii in the 6am- 
vnle is calculated from the known gravity of the oil and the loss in weight cf 


Rall, Cleo Griffith, and Taliaferro, D. B., A Method for Ricans 
Simltaneously the O11 end Water SE utions of O11 Sends: Bureau of 
Mines Report of Investigations hook, December 1546, 16 pp. 
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the sarvle after making allowance for the weight of water as computed from 
tie volume of water removed from the samrnle. The report cescribing the method 
includes s complete working drawing of thé apparatus, a photograph of a bat- 
tery of lz units used in the Bureau's Eartlesville, Oklae., laboratory, a de- 
scription of the avparatus, the procedure used, sample calculations, and an > 
earalysis of the precision of the method. 

Stendeard mineral analyses of 1325 oil-field brines were ae by the 

2's laboratory at Bartlesville, Okla., and 210 core samples were tested 
Gurinzg the fiscal year. Srecial fects made on somé of the oi1-field brines 
included determination of hydroven-ion concentration, carbcnate stability, 
otal dissolved iron, hydrogen sulfide content, the optimum hydrogen-ion con- 
centration for the precipitation of magnesium and the proper chemical treat- 
ment to obtain chemical stability. Laboratory personnel assisted in sampling 
ani preserving several ccres at the well site. <A new technique employed on 
one core taken in the Mexica field, Texas, involved quick freezing of the 
Somoles. with dry ice to prevent miteration of their oil and water content 
wittil they could be transported to the laboratory for analysis. 

Several vears ago 2 cooperative arrangement was entered into between the 
Franiivn office and the Petroleum Section of the Pennsylvania Geological 
Survey in which the Rureau of Mines sereed to analyze the cores taken by the 
Survey under 4 special study set-un hy the Pennsylvania Geological Survey and 
financed by special grant of the Penrsylvania Legislature to study.oil sands 
in Pennsylvania, Iring the past year two core analyses were mede for the 
State organization. One was obtaincd from a well in Butler County and the 
second from exe well in McKean County, Pa. The results of these core analyses 
made by Bureau technicians will be published by the Pennsylvania Geological 
Survey in subsequent reports. 


Daurirg the y-sr, labcratory work was done in an effort to develop an oil- 
base mud thet world be suitable for cable-tool coring operations in the 
Appvelachian be ctaets The major portion of tne cores taken of reservoir forma- 
tions in the region are cut with Baker ‘tools utilizing standard cable-tool 
practise. As 2 general rule, water is used as the drilling fluid, and oil 
— water satur:tion determinations made on these cable-tool cores have been 

Satisfnctory. Usually the oil saturation is lower and the water saturetion 

higher thin those representative of the formation. An effort is being made 

y Burenu engineers to ascertnin data utilizing oil-bese mud that will be more 
sie ays of the saturation conditions of reservoirs. The laboratory 
tests. were confined t= developing a mixing technique and the specifications 
of zn oll-b=se mud of prover filtration characteristics. <A premixed oil-base 
mud was purchased to expedite the zpplication of oil-base mud to cable-tcol 
coring in the Appalachian region. Operators interested in the development 
and aprlication of oil-bese mud to cable-tool coring have offered wells Por 
testing during the summer of 1947. It is anticipated that this work will 
provide comprehtnsive data that will indicate the applicability of oil-base 
mad to cable-tool coring in vertous of] sands in the Appalachian region. This 
work should contribute grestly in efforts to obtain. cable-tool cores contain- 
ing fluids more representative of reservoir conditions. 
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Recovery of Wax from Crude-Pctroleum Wastes 


Tne pilot plant near El Doredo, Keans., for the récovery of oil and wax 
from crude petroleum wastes was closed and dismantled uvon the successful 
conclusion of this work. A technical paper describing the method of treatment 
ard the results of the pilot-plant operation is being prepared. The report 
will present in detail a discussion of the successful process, describing 
fully the equipment, method of operation, results obtained, and the analytical 
procedures used in the control of the process and in testing the reclaimed 
oil. One chapter will relate to a microscopic study of oil fiel@ waste and 
the physical character of. the wax recovered from it. This section will be 
illustrated with colored photomicrographs. The preliminary laboratory experi- 
ments conducted in the development of the process and the carly operational 
Cifficulties will be surmarized. 


Laboretory Stud of Gravity Drainage and the Effect of Temperature 


With the completion of gravity drainage of oil from the miniature oil 
field described in the previous year's report, the oil sand wis cored in 
accordance with a uniform pattern to determine the residual oil seturation 
throughout the formation. The results of the core ancilvses showed that the 
residual oil saturations were low org percent) at tne top of the sand and 
increased gradually with depth: near the bottom of the sand the saturations 
increased rapidly to a maximum (60 +6 70 percent) ‘at the bese of the formation 


A aeuey of the thermocounle readings eles Givin the epplication of heat 
to the tunnel in the latter stage of the experiments shows thit the mean ter- 
perature througheut the formeticon was incrersed 13°, 209, and 35° F. when the 
temperature in the tunnel was, respectively, 50°, 100°, end 150° F. above the 
eniett temperature (84° F.) of the formation. In other words, owing to the 

radial cheracteristics of the flow of heat from 1 small tunrel into - large 
formation, the mean temperature of the form-tion was incrensed only one-fourth 
of the temperature increase in the tunnel. The results of the temperature Spaag 
show that the increase in mean temperature throughout the sand body wes not 
enough to reduce the viscosity cf the oil so as to increase drninage of the 
oil through the sand. However, in those parts cf the sind adjacent to the 
tunnel the temperatures were morkodly increased, and the oil saturations were 
round to be lowest where temperatures in the sand were highest, thus showing 
that heat increased drainnzge by reducing the viscosity of the oil and décreas- 
ing the influence of capillarity through lowering the surface tension of the 
S11, : 


Recovery of Cil from outers ping Bituminous sandstones 
b Hot Woter Wasnai 


The bituminous-srindstone ee seueianed to receive mijor emphasis in 
the investigeticns cf the Production Section of the San Francisco office. Tne 
Erevious venr's report contnined 2n account cf the develcpment in the lebori- 
tory of 2 method of separating the bitumen from the bituminous sandstones of 
the Edna deposit in San Luis Obispo County, Calif. The work of the past year 
consisted in improving the efficiency of the process and studying operating 
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procedures for the purpose of obtaining separated bitumen end-products adapt - 
able for fuel oils having certain standard specifications. 


Significant increases in tne efficiency and economics of operation of the 
laboratory pilot plant were achieved by (1) reduction of the power cost and 
loss of bitumen to slimes by the use of lower speed of the impellers in the 
Flotation cells, (2) elimination of expensive reagents that were used previ- 
ously as dewatering and desilting aids, (3) development of a diluent and froth 
mixer in which the diluent is dissolved in the bitumen without turbulent mo- 
tion, and (4) the elimination of one of the pulping agents, with an appreciable 
reduction in cost, if the separated bitumen is to be cracked to coke. 


In view of the increasing demand for petroleum products, consideration 
was <iven to the use of the bitumen extracted from the Edna deposit as fuel 
oil with little or no additional processing. The results of tests designed 
to establish the suitability of the separated bitumen for fuel oil showed 
that under carefully controlled plant operations the diluted bitumen end prod- 
ucts met the specifications for No. 6 fuel oil (Bunker C), including viscos- 
ity, scdiment by extraction, water by distillation, and flash point. The- - 
fuel oils thus obtained required only the removal of small quantities of water 
by distillation to conform to standard specifications. : 


Piant procedures also were ‘designed in which fucls conforming to the 
specifications of No. 6 fuel ofl could be obtained by removing the diluent 
from the sevarated bitumen and reducing the viscosity of the remaining bitumen 
by light cracking. The essential requirement in. these operations was to ob- 
tain a bitumen for crackin, having eae silt content low enough to meet the 
specification test for silt. Thus, if the economics were such that it would 
be desirable to recover the diluent from the separated bitumen, the remaining 
bitumen would meet the sediment-by-extraction test. and the other specifica- 
tions could be met by breaking the viscosity of the bitumen. 


The bitumen also may be converted to other products by cracking. One 
cracking test yielded 17 percent of liquid fractions in the boiling range of 
gasoline, 20 percent gas oil, 21 percent heavy fuel oil, and 40 percent 
residuum. . 2 % 


Fundamental Research 


While conducting the work described in the foregoing sections, Bureau of 
Mines technologists have dealt in much exploratory thinking regarding improve — 
ments that must be made in the Nation's productive capacity from the known 
sources of supply. It is their conclusion that conventional methods of water 
flooding and gas repressuring must be augmented by other tieans developed 
through research in order to offset the difficulties that now beset the effort 
to miintain adequate reserves of crude oil. Even in those areas where water 
Flooding has reached its highest degree of efficiency, there still remains 
mich oil in the sands after the flood. has passed. 


For many years technologists have done fine work ‘on the physical proper- 
ties of petroleum (liquid and gas). Bureau engineers and chemists and those 
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in industry have studied properties such as the solubility of gases in petro- 
leum, viscosity, capillarity, ‘and adhesion, as well as the porosity and per- 
meability characteristics of reservoir rocks. Thirking sow is directed to the 
view that these properties and others should be given adciticn:l consideration 
on 2 fundamental basis so as to shed more light on their effect upon the pre- 
pulsion of oil from the sands and how and why oil is retained in the sands 
‘The Bureau's technologists are’ unaminous in their view that to obtain gener- 
allv higher recovery efficiencies, studies mist be made soon to determine the 
interfacial relations of the cil, water, and solid materials constituting the 
reservoirs. Outstandingly important among these phenomena is that of inter- 
facial tension between two substances (such as oil and watery or oil ard sand) 
ard the sifnificance of this property in oil PEGE SOR Mere is where 
research most concen ene 


PETROLEUM CHEMISTRY AND REFINING 


Post-war: considerations in 1944 led to the sectenen: that "the current 
broad objective of the research in petroleum chemistry and refining is to 
ottain a complete picture of the availability of fuels for all types of inter- 
ral-combustion engines. This includes motor and avintion gasolines, Diesel 
fuels, and gos turbo fuels.” During 1947 there has been no change in this 

stated objective of petroleum chemistry and refining rescarch. In fact, the 
work underway and contemplated has been planned on the assumption that this 
objective would continue over a considerable nerinod of years. 


The various phases of the work pattern designed to attain the desired 
ebjectives are so interlocked that it is difficult to set up indepencent 
categories for discussian. ‘However, the four topics siven below offer a 
Suitable basis for discussion: 


I. Rew-nmaterial studies (at present corfined largcly to crude 
oil, but may also include condensates and synthetic fuels) 


II. Relationships of fuel composition, properties, and performance 
TII. Utilization of vetroleum prodicts 
IV. Analytical methods 
Kav-Material Studics 
Crude Oils 


A study of fractions from 10 selected crude oils, atanteg. in 19':5, was 

ee ake and the informtion wis compiled ard reported to the industr; re a 
reaper. presented : ot the Regional Meoting of the American Chemical peices qt 
yeoneae City .22/ This report reviews the method by which tne fractions were 


Hollinan, W.-C., and Smith, x, Composition of Petroleur : Hydcro- 
carbon Type Analyses of 19 Distillates Boiling Between 100°-€00° F.; 
Presented at RégionAl Meé pai OS CEI “Soc. , "Kansas City, June - ~ 
23-25, 1947. 
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made ard their properties determined, tabulates all of the determined and 
calculated properties and shows graphically the composition of the fractions 
in terms of paraffins, mono- and dicyclic naphthenes, and mono- and dicyclic 
aromatics. A companion paner, which discusses the developmert and application 
of correletions between the routine data and other special prorerties as re- 
pvrted in the previous paper, has been completec. The relationships studied, 
which have resulted tn various types of graphical or mathematical correlations, 
include those between kinematic viscosity and specific gravity of routine 
enalysis fraction; sulfur content of crude oil and sulfur content of distil- 
Totes obtained from the crude oil; boiling range by routine crude-oil distil- 
iaticn and by ASTM distillation; aromatic content and specific gravity of 
se i analysis fractions; aromatic content and specific dispersion of rou- 
tine analysis fractions; and anjline point and specific gravity. 


These correlations greatly enhance the usefulness of the Bureau of Mines 
routine analytical method, which has been employed consistently for about 25 
vears, with *he result that many hundreds of analyses are available for study, 
and the data obtained in the two paners mentioned above are being used in 
evaluating distillates of certain boiling ranges prepared from U. S. crude 
cils. Thus, the correlations developed and others upon which work is still 
going forward will be used in estimating the yield of indicated properties of 
distillates of the following boiling ranzses: 


a. 1000-3009 F. F-3 octane No. clear ard with 4 ml. TEL. 


b. 100°-550° F. Sulfur, aromatics, viscosity at -40° F. and 
100° F., freezing point. 


c. 300°-480° F. sulfur, aromatics, viscosity at -40° F. and 
190° F., freezing point. 


d. 3509-6759 F. Sulfur, Diesel index, freezing point. 


e. 675° un Furol viscosity at 122° F., gravity, sulfur, 
carbon residue. 


Without naving such correlations, an immense amount of work would be required 
to obtain the same data exverimentally. 


During the current year, two reviews of United States crude oils wer'e 
prepared. One was a summary of crude oils of imrortance during the period 
L359 to 1945 .23/ This report, which wil] be published as a part of volume V 
+f the Science of Petroleum, presented data on almost 390 crude oils of the 
United States and detailed analytical data on about two-thirds of this number. 
These analytical date included not only a summary of the routine analysis but 
also correlated data obtained durirg the war period showing the aviation g-:so- 
jire Ssase-stock content, the toluene and C-7~naphthene content of many of these 
crude oils, and detailed hydrocarbon analyses of nine naphthas in the boiling 


<3/ Smith, H. M., Characteristics of United States Crude Oils 1935-45: 
Science of Petrcleum, Oxford Press. In press. 
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range 979 -243° F. The other renort ,24/ dealing with United States crude olis, 
was prepared for presentation at tie Chemical Rescarch Conference of the 
American Association for the Advancement of Science. This report discussed 
the following questions: What is crude oil? Where is crude oi1 found? What 
is the composition of petroleum in terms cf commercial vroducts? What is the 
composition of the naphthes and gas oils produced by Straizht-run distilla- 
tion from United States crude oils in terms of hydrocarbon type? What is the 
sulfur content of United States crude oils? Are there any relationships bc- 
tween hydrocarbon types and between individual hydroearbons as they exist 
naturally in crude oils? In this report’a map (fig. 9) called The Petroleum 
Werld has created considerable interest. It is an attempt to present picto- 
rially in one chart an interpretation of current knowledge on the compositicn 
of petrcleum. The concept of the map is simple. In the center is the carbon 
atom (called the Carbon Peak) surrounded by a stratosphere of hydrogen. - From 
combinntions of these two elemerts stem all the hvdrocarbons. Concentric 
rings, which are isotherms in °C., extend from the hydrogen stratosphere at 
the temperature of liquid hydrogen to over 600° C. The map is further divided 
into quadrants, in which can be plotted, at their proper boiling points, the 
hydrcecarvons and sulfur ccmpounds present in crude oils. One qundrant is for 
the alkanes, a second and third for the nzphthenes and the aromatics, and, 
finelly, the fourth for the sulfur compounds along with cxysen and nitrcesen 
compounds. Compounds that nave been identified in crude oi] are Shown by 
solid circles, other compounds that mey be present by onen circles. 


For ccnvenience, each quadrant is discussed separately. 


Alkane quadrant. - The alkanes are relatively simple tc picture. They 
consist only of straight-chain compounds progressively increasing in size by 
a -CH, increment and of isomers of each of these various sizes and numbers of 
side chains. It will be noted that most of the alkanes through the octances 
have been idertified in petrolcum, but above the octanes, except for the 
n-alkanes, only a few of the many possible isomers have been positively iden- 
tified. The frontier here covers the region 150°-290°:C. Virtually nothire 
is known of the higher-boiling iscalkanes. In fact, thcir existence in petro- 
leu: is one of the petroleum chnemist's intriguing mystcries. The alkanes, 
therefore, may be portrayed as a single large river with m.ny tributarics 
rather systematically speced. This river empties into the alkane sea throush 
the wix delta at the mouth of the river and eventually into the petroleum 
cceane. : am 


. Aromitic quadrant. - The picture of the aromatics is greatly diffcrent 
from the alkanes. As the map shows, this area conteins many rivers, 211 empty- 
ing into the aromatic gulf. The benzene river is the largest and has mony 
tributaries among its alkyl derivatives. There are, however, many otner 
rivers, such4s naphthalene, anthracene, and tetralin streams in the condensed 
ruclei lind, and »vhenylcyclopentyl, phenylcyclohexyl, and @iphenyl rivers in 
the conjugeted ring arez. In some respects the arometics scem to be bettor 


omith, H. M., Composition of American Petroleun: Presented et the 
Chericel Research Confcrénce. Am. Asso¢. Adv. Scierce, June 30-July 4, 
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known than the alkanes; possibly because of the earlier research on coal tar. 
However, even here the frontier does not extend beyond the 200° C. isotherm, 
excenvt for Isolated cases. Offshore islands cf asphalt are shown edjoining 
resin dunes on the main shore all along the aromatic quadrant. This indicates 
the essentially aromatic character of the resins and asphalts, although present 
knowledze of them is fragmentary. 


Naphthenic quadrant. - Only the cyclopentyl and cyciohexyl types have 
been found in petroleum. The naphthenes are, therefore, represented by two 
major rivers - the cyclopentyl and the cyclohexyl - both with alkyl tribu- 
turies and both emptying into cycloalzane bay. Only a very few of these 
naphthenes have been identified in crude oil. This is especially distressing, 
because, as will be shown later, 85 percent of the gas oils contain more than 
59 percent naphthenes, and even in the naphtha range 75 percent of the napnthas 
have 30 percent or morc cf naphthcenes. Virtually nothing is known. about the 
conjugated derivatives of dicyclohexyl or the alkyl derivatives of decalin. 
Also, the polycyclic naphthencs above the decalins should be shown, but there 
ure few dati regarding them. They may be assumed to be present in the plains 
area. The frontier on naphthenes is just berely on the 100° C. isotherm, 
These facts certainly indicate the need for cencertcd studies on the 
n2aphthenes. ; 


Hetcrogenous quadrant. - In this quadrant the sulfur compounds are of 
chief interest. There scem to be three wajor types - the thiols or mercaptans, 
the sulfides, and the disulfides. The thionhenes are excluded, as at present 
there is no evidence that they actually cxist in petroleun vrior to process- 
ing. The sulfur compounds are complicated by the fact thet all three of the 
hydrocarbon types can be represented. Thus, in addition to the main river of 
alkane thiols, there are aromatic and cycloalkane thict crecks. Similar sit- 
uations exist as revard the sulfides and disulfides, and in addition there are 
the cyclic compounds in which the sulfur is a part of the ring. The available 
knowledse is very meager, and the frontier is hardly at the 190° C. isotherm. 
Resin dunes along the shore and offshore asphaltic islands again are shown to 
indicate the importance of sulfur, oxygen, and nitrogen in material of these 
types. Oxygen and nitrogen streams are shown, but there are not cnough data 
to warrant the plecement of any definite compounds. Although considerable 
work on nitrogen compounds has been done, there is some doubt whether those 
identified were present in the original crude oil or represent decomposition 
vroducts. 


This mav hes been discussed rather fully in this report because it indi- 
cates the reasons for the present orientation of the chemistry 2nd refining. 
work. Thus, the dearth of. knowledge in the Diesel fuel boiling range, from 
200° C. to 400° F., is very evident, as is the tremendous void in the knowledge 
of sulfur compounds... Also, the importance of naphthene chemistry on the utili- 
zation of petroleum products emphasizes the need for analytical methods thet 
will encble their determimtion. _ | 


In discussing the topics where is crude oil found and what is its com-. 
position, the author of the report considered fields producing 5,000 barrels 
or more per day, the locations of which were shown on maps. The basic data 


2564 eels 


Google 


rrom the work on 10 selected crmide oils previously referred to25/ were used 
in combination with the relationship of correlation indexed/ to composition, 
thus peimitting the estimated paraffin, napnthene, and aromatic contents of 
zasolines and naphthas: prepared from these crude otls to be presented by means 
of bar graphs. The sulfur content cf crude oils from various parts of the 
country was also shown by suitable graphs. Finally, the paper closed with a 
discussion and figures indicating that there are definite relationships be- 
tween the various individual components in a given class of hydrocarvdons; 

that is, fairly definite retios appear to exist between the normal hydrocar- 
bons in the range C6 through Co, between the isoparafrins in the same range, 
and between the various indivi uals in these hydrocarbon types and in others, 
such as the nephthenes and aromatics. There do not appear to be relationships 
between definite classes, such us the naphthenes, paraffins, and aromatics. 
These data are very important from several points of view and will be the 
subject of a separate paver during the coming year. 


One Report of Investigations covering routine analyses of Louisiena cruce 
oils was published 2t/ This, the fifth of a series of papers dealing with 
Louisiane petroleum reports date on &2 semples from both northern and southern 
Louisiana. 


During the last 10 or 12 years the Bureau of Mines has Worked with a re- 
search committee of the Tulse Geological Society attempting to find relaticn- 
Ships of characteristics of cruce oils and their stratigraphic occurrence. 

In 1947, an areca, appeared in thc bulletin of the American Association 
of Petroleum Geologists discussing such relationshirs for perts of Oklahoma 
and Kansas. The data presented are based almost entirely upon Bureau of Mines 
routine analyses and the correlation index ,29/ and the resiilts suggest most 
strongly that the environment of the source material may have determined the 
kind of oil in eech ofl pool. This work, which is of interest to geologists, 
chemists, and engineers, is being continued to cover otner parts of Okl-homa 
end Kansas , 


Virtiusaliv all of the references to crude oils thus far have deovlt with 
their composition ard means by which it can be determined from various types 
of aralytical data. Many of the crude oils discovered in the last few years 
have had a high content of sulfur, which causes difficulty both in refining 
and in utilization of products. For this reason, the Bureau investigated the 


25 / See footnote ce. 
— 


eo Smith, H. M., Correletion Index to Aid in Interpreting Crude-011 
Ried ee: Bieeat of Mines Tech. Paper 610, 1940, 34 po.,.4 figs. 
7/ Blade, 0. C., and Garton, E. L., Properties of Louisiana Crude Oils. 
TII. Additional Analyses, Bureau of Mines, Rept. of Investigations 
4034, Dec. 1946, 50 pp. : 
26 / Tuls2 Geologicel Social Research Committee, Relationship of Crude Oils 
and Stratigraphy in Parts of Oklahoma and Kansas: Bull., Am. Assoc. 
Pet. Geol., vol. 31, No. 1, January 1947, pp. 392-148. 
29/ See footnote 26. 
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possibilities of desulfurizing crude oil directly by contact with a catalyst. 
A series of crude-oil desulfurizetions with bauxite catalyst were made at 
750° F. with a liquid hourly space velocity of 1/3 to 1 and with total charges 
of 1 liter, 3 liters, and 5 liters, respectively, to 2,400 ml. of bauxite. 
Crude-oil desulfurization is more complex than naphtha desulfurization, be- 
cause in addition to sulfur removal, there is a conversion of heavy residual 
material-to light material; also, there are losses from gas formation and 
from a heavy carbonaceous deposit on the catalyst. Complete matérial balances 
were made for each of these runs, and the products were distilled into gaso- 
line, gas oil, and residuum. Selected tests were made On each of these cuts. 


The ber graph in figure 10 shows the weight percent of each cut from 

untreated Slaughter crude oil and from corresponding cuts from the l-, 3-, 
and 5-liter runs. Selected properties are shown for each cut. A Report of 
Tnvestisations covering this study is virtually completed. 


_.. A bulletin, to consist of several parts and tentatively entitled "Routine 
Crude Oil Analyses," has been begun under the authorship of N. A. C. Smith and 
H. M. Smith, with chapters by others. Part 1, detailing the procedures and 
equipment for routine analyses, has bcen carried through the rough-dreft stage 
by O. C. Blade and E. L. Garton, and considerable work has been done on Farts 
II and III, which will deal with interpret2tion of the analytical data. This 
bulletin will bring to date information on routine crude-oil analyses which 
was originally presented in Rulletin 207 ,30/ now out.of print. Several thou- 
sand samples of crude oil heve been analyzed by this method, and most of these 
analyses have been published from timc to time, beginning with Report of In- © 
vestigations 2202 in 1921 317 The fundamentals of this method have not 
changed, although laboratory proccdure has improved as apparatus more suitable 
for the purpose has become available 2nd a number of additional tests have been 
added. Therefore, armnlyses published es early as.1921 are comparable with 
those made in recent years. , 


A report to be issued as an information circular, tentatively entitled 
"Bibliographic List of Reports Showing Analyses of Crude Oils by the Bureau 
of Mines Routine Method,” is in prepsration. In addition to the bibliography, 
a table is included showing by field name,. according to continent, country, 
and (for the United States) State, the amilyses represented and the reports 
in which they have appeared. This table will serve as a finding list for the 
analyses, which tota 21 well over two thousand. 


The ee eee | peacetime eon for gasoline, coupled with the growing 
use of Diesel fuel, has aroused much interest in routine analyses of crude oils 
from new fields, formations, and from arenas not extensively sempled duri = 
previous years. During the pist fiscal year, the Burea Ut made 100 complet 


Dean, E. W., Hill, H. H., Smith, N. A. C., and Jacobs, W. A., The 
| Analytical Distillation of Petroleum: Bureau of Mines Bull. 207, 
1922, 82 pp., 3 pls., 33 Pigs. 
31/ Dean, E. W., Properties of Typical Crude Oils from the ee tern Producing 
Fields of the United States: Bureau of Mines Rept. of Investigations 
2202, 1921, 51 pp. 
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Figure 10. - Chart showing quantity and quality of distillate 


obtained from Slaughter crude oil by bauxite de- 
sul furization. 
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routine analyses of crude oil samples. The crude oils analyzed were distrib- 


. 


uted among the States and Territorics,as follows; 


» OULST ANA: ess 
Michigan ..e«ce 
New Mexico ..e 
eakomer rie are 
Oklahoma ....- 4 
TOVAS ~«iwecs es L 
Wyoming eesccee 


Alaska: 664.466's 
Arkansas .eec-. 
California ... 
Colorado cece. 
Tllinois wes. 
KanSaS seceree 
Kentucky ..e.-6 


FW Ew Hw 
~J-AH Pw PD 


The action, instituted a year ago, to obtain samples of crude oils necded 
‘to bring the file of analyses to date has bcen continued. ‘Eighty-six such 
samples are on hend awaiting analysis. oe 


and Ferform=:rce 


Relationship of Fuel Composition, Properties 


Gasoline 


ourerfractionation studies ool which had been carried out by the Bureau 
of Mines durirg and after the wr, continued to be of interest, and during 
the current vear superfractionation of Santa Barbara, Venezuela, naphtha was 
completed. Fach 0.5 percent fraction in the 100°-326° F. boiling range was 
analyzed for composition in terms of individual hydrocarbons bj the hydrocar- 
bon analysis group method, and its engine ratings by the CFR-F-2 (motor method) 
and by the CFR-F=3 (aviation lean method) with 4.0 ml. TEL were determined by 
the fuel-combustion grouv. In figure 11 the overhead temctcrature and the 
octane numbers by both the F-e and F-3 methods are plotted ezainst sum percent 
Cistilled. At the bottom of the chart is a bar-graph thet gives the corposi- 
tion of each fraction in terms of pareffins, isoparaffins, navhthenes, and 
aromatics to indicate relationships between octane mimbcrs and composition. 
The blending F-2 octane numbers of the individual hydrocarbons were calculated 
from the octane numbers and composition of the fractions, and the F-3 values 
were used to improve the eccuracy of the values ealenlated from data obtained 
on the Oklahoma City naphtha. Some of the data obtained during study of the 
canta Barbara naphtha were presented before the Midwest Regional Meeting of the 
American Chemical ies) and submitted to Industrial and Enginecring 
Chenistry for public2tion. 


Continuing such studies, 1 semple of naphtha from West Edmond, Okle., crude 
cil has been superfractionated through the same distillation unit, and a study 
of the properties of the fraction is currently under way 


Ward, C. C., Gooding, R. M., and Eccleston, B. H., Sunerfractionation 
Studies, Composition, and Octane Numbers of 0.5 percent Fractions of an 
Sa City Naphtha: Indus. and Eng. Chem., vol. 39, p. 105, Jinuary 

33/ Schwartz, F. G., Gooding, R. M., and Eccleston, B. H., Superfractionetion 

Studies: Naphtha from Santa Barbara, Venezuela Crude Oil: Presented at 

Regional Meeting of American Chemical Society, Kansas City, Mo., June 

23 -25 ’ 1947. 
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One of the most interesting results from this superfractionation work is 
the fact that the data on composition, used in conjunction with the data from 
the engine laboratory where the fuels are tested for their antiknock value 
according to standard methods, have permitted the calculetion of blending 
octane numbers for individual components of the naphtha. As a result of 
several studies wherein aviation lean-mixture octane numbers were determined, 
blending valves for hydrocarbons in the range up to normal octane have been 
fairly well established. Similarly, values for the motor method octane num- 
bers.of hydrocarbons are in process of establishment. Information of this 
type is very useful in estimating the propertics of various blends that might 
‘be prepared from a given crude oil, and when only a small sample of oil is 
available it enables the calculations of octane numbers by simply performing 
a fractionation analysis on a small sample, which provides the necessary data 

and still leaves the gasoline fractions available for other tests. A summary 
of the latest data available on blending octane nurbers is given in the report 
on Santa Barbara naphthae23/ 


Diesel Fuels 


Generel pregram. - With the return to peacetime activities throughout 
the country, there is an unprecedented demand for oils in the boiling range 
of Diesel fucls. This boiling range includes not only Diesel fvels but also 
heating oils, jet propulsion fuels, and cracking-charge stock for the manufac- 
. ture of gasoline, particularly by catalytic processes. Furthermore, a greatly 
. increased demand, particularly for Diesel and heating oils, is forecast. For 
example, many of the railroads have on order Diesel-electric motive units. 
Also, the new developments in Diesel cngines require a better grade of Diesel 
‘fuel than did the older slow-speed engines. All of these factors combined 
heave intensified the demand for good Diesel fuel and at the same time have 
shown that technical knowledge of the relationship. of Diesel-fuel ore 
and its behavior in Ba ene ine is very meager. 


‘Numerous technical Sessoms eietans dedting with petroleum are cognizant of 
these facts and have asked the Bureau of Mines to make certain basic studies 
dealing with the relationships of composition and properties of Diesel fuels. 
As work or this kind is directly in line with the objective of its chemistry 
and refining program, the request was welcomed, and a definite program of study 
of Diesel fuels has been initiated. Along with the Bureau of Mines study of 
composition, numerous other ‘organizations are making correlated studies of the 
behavior of Diesel fuels. Thus, in figure 12 are shown some of the cooperative 
pro,jiects on Diesel fuels and their relationships to each other and to the Bu- 
reau.or ae progrem. ... . ee - 

At the top of the chart is the Western Peinoient Refiners Association 
(WPRA) vrcegram, concerned with the properties of Diesel fuel as prepared 
directly from selected crude oils. Proceeding clockwise around the chart, 
the next topic is the series cf studies: sponsored by the Coordinating Research 
Council relating to deternination of sulfur limits that technically and 
economically may be suitable for Diesel fuels. Seven fuels of various charac- 
teristics and sulfur content will be studied by numerous cooperators to ootain 
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ergine test data. “Next is ‘the. progra:a of the American Society for Testing 
Materials (ASTM), which, through one of its subcommittees on the analysis of 
petroleum hydrocarbons, is working out methods for the analysis of Diesel 
fuels on the basis of hydrocarbon types. At the bottom of the chart are 
studies initiated by the Navy looking toward future Diesel fuels. They in- 
clude studies of synthetic oils.such as those manufactured by the Fischer- 
Tropsch process and catalytic recycle stock, as well as mixtures of these and 
their present 50-cetane specification fuel. The next study indicated on the 
chart is one that the Society for Automotive Engineers (SAE) is carrying out 
in conjunction with the University of Wisconsin and the Catervillar Tractor 
Co. to obtain detailed combustion data on selected Diesel fuels. Finally, is 
the Coordinating Research Council (CRC) program for studying, in cooperation 
with the railroads, selected Diesel fuels of the type that will probably be- 
come available in large quantities in the future. It is important to note 
that three of the Navy samples (those that are not mixtures) also will be 
studied by the SAE group, the ASTM group, and the Bureau of Mines. The 
present collaborator with all of. these groups, so.far as determination of 
composition and properties is concerned, will oe the Bureau of Mines. 


With this explanation of the coordinated program of Diesel-fuel study 
and the Bureau's part in it, now underway, a brief review of the detailed 
program which the Bureau is following in conjunction with the WPRA on studies 
of Diesel fuels prepared from crude oils is in order. Table 3 is an outline 
of the manner in which the crude oil is processed into small fractions and 
indicates the properties that will be determined on the various fractions. 
This, of course, is a general outline and, as the studies progress, may be 
modified to suit particular conditions that may arise. 


Processing. - The Western Petroleum Refiners Association program referred 
to above requires the preparation of Diesel fuels from crude oils. Such 
preparations’ are underway currently at the Bureau and consist of three sepc- 
rate processes - distillations in a continuous ‘still, suverfractionations at 
reduced pressure, and separations ‘by silica gél. Hach of these processes 
will be described in somewhat more detait ‘below. 


A continuous distillation unit that could be uscd to prepare severel hun- 
dred gallons of a naphtha or gas oil directly from the crude oil was designed 
and constructed. This unit was so designed ‘that there would be little overlap 
in boiling range between consecutive cuts produced by the following conditions: 


1. At atmospheric pressure: Preparing a 350°-400° F. end-point nophtha 
distilled from a crude oil charged at a Teed rate of 3 to G galfhr. 


2. At reduced pressure: Preparing a 700?-7502 F. end-point gas oil 
renered from residue of the aEnOSPRers¢ eee charged at a fesad rate 
of 3 to 4 gal. /nr. 
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TABLE 3. - Outline of crude-oil studies: Objective - Diesel fuels 
Crude oil (400 gallons) 
Top in corntimious 
still to 250° F. 

Gasoliré . Topped crude oil (300 gallons) 


Vacuum flash in continuous 
still to give a 650°-700° F. 
end point product 


(Reserve for 
other studies} 


Diesel fuei (1C0 gallons) 
Vacuum Practicnate 
teking cuts of 2,000 cc. 
(epprox. 0.53 percent of 
Diese] fuel, 9.13 percert of crude oil) 


Pesiduum (save) 


is0 fractions of 2,000 cc. each 
Divide into two parts 


one of 1,200 ard one of 800 cc. 


“Filter 1,200 ce. 
through silica gel 


Determine the propertics 
listed below, as indicated | 
by "X'", where volume of 
Sample and other con- 
ditions permit 


— 800 ce. of 
origiral 
fraction 


Pararfin- 
naphthere 
fractions 


Aromatic: 
sulfur | 
fractions 
Volume percent aromatics ... | XS 
Volume percent paraffins -naphthenes. | 
Cetane pumber ..se.e. 
Refractive index (D, g, € lines} ... 
Densit >. 20° Fe. odsccecnwtaw eine oo% 
AMLTLING Point, .6csisu rene se 
Viscosity, 20° C. and 37.8° c. 
Carbdon-hydrogen ratio cecerccccocses 
Infrared spectra .ese- 
Ultraviolet spectra cscccccccces 
Sulfur content (if any) .o-cccccees 
Freezing point (to #1007 Bi s-): asa 
Flash point, OF. 
Molecular weights peecsene 
Nitrogen content (California) 
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Weignt percent 
Weight percent 
Weight percent 
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Volume percent 
percent mono- 
naphthenes 
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gure 13. - Continuous distillation unit used in the preparation of gasoline and Diesel 
fuel fractions. 
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Figure 14%. = Distillation curves on products from continuous stil! at atmospheric 
pressure. 
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Figure 15. = Distillation curves on products from continuous still at 
reduced pressure. 
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The urit is shown in figure 13, and tynvical conditions during operation 
are given in table 4. 


TAPLE 4, - Contimious distillation unit overation corditions 


ae Atrospheric Vecuum 
systcn pressure, mm. Hz. cece e eee e cer ec erene | 745 190 

Feed rate, gal. Jnr. ore ee oe ee ree rere 6.2 3.5 
Top temperature, OF, Ste nine eG eae ieee SOOO: [| 355 
Revoiler: tenperature, CPs: «cs ssawtcsawecesess’| “520 | gels. 
Feed temperature, OF. Misi eedeserenedaee Oo ; 540 
lash temperature, OF. ccaeeuaeesaaamene 126 HO 
Differential pressure, rm. Hg. chia eaten tin eae 4h. | 43 
Overhead, volume percent of charge seeseseeee | 33 ee os 


Laboratory distillation curves on overhead and bottoms products made 
during trial runs at atmospheric pressure ard at 10 mm. of mercury pressure, 
absolute, are shown in figures 14 and 15, resnectively. Figure ih shows a 
gap of abovt 70° F. between the end-point of the overhead product and the 
initial boiling point of the bottoms. Figure 15, which gives curves for a 
S2s-oil cut ard the corresponding bottoms product, indicetes little gap. 
However, thesc curves are not strictly comparable, as the laboratory distilla- 
tion on the gas oil was made et atmospheric pressure, and the bottoms-product 
curve is from a Hempel distillation at 40 mn. Broueure with the temnerntures 
corrected to etmospheric pressure.. 


A raver describing this contiruous distillation Unit was peg sented at 
the Midwest Regioral Mceting of the American Chemical Society,s4/ and this 
taper has becn submitted to Industrial and Ergincering Clhomistry for 
publicatior. . 


é 
A =50-gallon sample cf West Edmord, Okla., crude of1 wes processed 
through the continuous distillation unit at atmospheric pressure to prepare 
174 gallons of 96° -3 76° F. boilinz-range naphtha for superfractionation 
studics. A 264-gallon sample of the bottoms prcduct was precessed through 
the unit at 10 mm. pressure to vrenare 172 gallons of Tit? F. end-point gas 
oll for superfractionation at reduced pressure. 


An aliquot portion of the gas ofl cut from West Edmond crude oil wes 

added to the residue of the nepyhtha superfractionation and the frectionetior 
continued to 400° F. at atmospheric pressure. Then pressure was reduced to 

20 mm. and then to 20 rm. of mercury pressure, ard distillation wes continued 
Until en overhead product was obtained thet had a boiling point correspording 
tc 637° F. at atmosvheric pressure. Ore-half percent fractions were collectcd 
threusghout this range for silica gel adsorption treatment ard property deter- 
tinations as shown in table 3. Most of. the original fractions have been rated 


Ward, C. C., ard Scnwartz, F. G., Construction and Operation of a Pilot 
Size Continuous Distillation Unit: Presentcd at Resional Mecting of 
American Chemical Society, Kansas City, Mo., Jure 23-25, 1947. 
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ir terms of cetane number, and the majority of their »roperties have been 
determined. About 40 fractions have been filtered through silica gel, and 
some properties on the varaffin-naphthene and aromatic portions have been 
deter.ined. 


A ie asiss batch still was modified to operate at 5 mm. pressure, se 
experimental runs are being made. with it to obtain data with which to: desig 
@ 100-gallon batch vacuum superfractionation nee? : 


Since 1945, silica gel hes been used by the Bureau as a means of sepa- 
rating paraffins, naphthenes, and aromatics from-petroleum products. This 
method is being used extensivély in the current studies of Diesel fuels. 
Silica gel adsorption has been used effectively for separating the aromatic 
type hydrocarbons from the paraffin-naphthene tyres, and two additional pilot- 
scale silica-gél adsorption columns were constructed to take care of the large 
number of samples. that are being processed in this manner. One column 3 
inches in diameter and 21 feet long is similar to the previous column, except 
that it has three 500-watt heating sections instead of two, s0 as to provide 
more heat during regereration. A column l- -1/2 inches by 21 feet long was con- 
structed to rerun intermediate fractions from the larger coxumne and for use 
when running smaller size fractions. 


-Each of the 3-inch columns has a capacity of 383 pounds of silica gel, 
which is either discarded or regzenerated after each run. Several different 
schemes of regeneration have been tried, but the following procedure appears 
to be the most satisfactory. Steam at 35 psi. is admitted to the top of the 
column for 10 to l2 hours while the column tempernture is maintained above 
the steam-condensation temvereture. The steam is then cut off, and air is 
passed through the column for about 35 nourS while the column céinperatare is 
kept at 350° to 450° F. 


The activity of the reactivated gel is checked by comparing the volume 
of aromtics adsorbed from a standard solution by 50 grams of gel, as Sess 
with the volume idsorbed by 50 grams of urused gel. 


The columns described above are used in certain parts of the, Diesel-fuel 
studies. For'example, the oils furnished by the Society of Automotive Engi- 
neers are being filtered through silica gel prior to distillation. On the 
other hand, in the schematic program shown in table 3, many fractions of rela- 
tively sm.l1l volume have to be sénarnted by mears of silica gel. For this 
purpose, a smaller tyve of column is used, and one of the more recent designs 
is shown in figure 16. In the study of these Diesel-fuel fractions, a battery 
of about 15 columrs of various types is in constant use (fig. 17). For the 
higher-boiling ranges, pressure must be applied to force the sample through 
the fine gel; consequertly, the newer columns are constructed of stainless 
steel or copper and can be used at pressures up to 300 pounds per square inch. 


Composition ard-properties of Diesel fuels. - One of the first crude oils 
studied was from the Dupo, Ill., field, This is 2 small field in southwestern 


Illinois voroducing a rather unusual crude oil, which yields an exceedingly 
high cetane-number fuel. This oil wes studied primarily as an ortentation 
problem, but some interesting facts were obtained. 
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A 4O-gallon sample of this crude oil was distilled, and three cuts having 
boiling ranges. of 364-4580 F., 4829-5409 F., and 5829- Ene ¥F., respectively, 
were collected. These cuts are of too wide a boiling rarge for success? 
application of the usual analytical methods. Nevertheless, en attempt was 
made to gain an insight irto the composition of the cuts. 4 portion of each 
cut was percolated through silica gel to separate it into a raraffin- -pavhthene 
ard an aromatic portion. Enovgn properties were determined cn each original 
cut and on the paraffin-naphthene and aromatic portiors from each cut to pro- 
vide data that would permit estimation of the composition in terms of paraf- 
fins, olefins,.naphthenes, and aromatics. Percentages of paravfins plus por- 
uffin side chains, naphthene rings, aromatic rings, and aromatic rings per 
molecule also were estimated. These data lead to the conclusion that the 
hign cetane numbers for Diesel fuel from Dupo crude oil are due to the follow- 
ing contributing factors: 

1. An unusually high content of paraffin hydrocarbors, of which a con- 
siderable part appears to be of the normal structure. 


ee The presence, especially in the higher boiling rortion, of naphthenes 
having cetane numbers above 60. 


3. A very low content of aromatic comvounds, especially of dicyclic 
aromatics, ard the possible preserce of alkylated benzeres havirg cetane 
rumbers above 60. 


4, No. appreciable cortert of dicyclic maphthenes. 


A revort33/ presertirg these findings was submitted to the Western Pectro- 
leum Refiners Association on November 1, 1946. 


At present, fractions from West Edmord crude oil are being studied in- 

tensively. The menner in which these samples have been prepared is illus- 
trated in figure 18. No reports on the data resulting from this work have becn 

prepared, because it is still in the urfinished stage; but 2 number of irter- 
estirg facts are emergirg as the data accumulate. One fact of importance is 
that the cetane rumbers of the ccnsecutive fractions form a series of peaks 
and valleys, and each succeeding peak corresponds to the eccurrence ir those 
fractions of consecutive members of the normel pareffin hydroccrbon series. 


In corjurction with the studies on Diesel fuels, it is exceedingly impor- 
tant to have accurate information regarding the properties of pure hvcrocartons 
in the Diesel-fuel boiling rarge. Current informatior along these lines is 
about where the study of gasoline was 25 years ego, and much oF ‘the progress 
which it is hoped can be made in Diesel-fuel studies will depend upon the 
avzilability of data on pure hydrocarbors. lTetrov, 2 Russian scientist, has 
Synchesized a number of hydrocarbons in the Diesel boiling range and ceter- 
mined certrin of their properties. In particular, he has determined the cetanc 
eaves of the BYGEOCTPOnS ee means or senate on a a Dom and it is claimed 


be eros Report No. Ll: The Se ion is Proverties of “Dieser mie: 
Nov. 1, 1946. 
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that these data correlate almost exactly with data obtained by means of a 
‘standard test engine. In order to have available all the information that 
has been published regarding pure hydrocarbons in this boiling range, the 
Bureau prepared « report compiling cll of these data ard presented it at the 
Regional Meeting cf the American Chemical Society.at Kansa8 City in Jure.35/ 
The tables in this report present all thé available data on pure hydrocarbons 
so far as cetane numbers, either determined or:estimated, are concerned. 


As mentioned, much of the Russian work has been done with a bomb, but 
only a few correlations between the bom> and tests on. standard ergine are 
available. However, those few are sufficiently good to make it desirable to 
have more comolete substantiation of the bomb method. To mike full use of 
the work in the literature, it becomes necessary to velidate the use of the 
‘bomb for this purpose, and the Bureau is developing a tomb procedure similar 
to thet used by the Russian investigators to determine the ignition lag. This 
bomb will have the additional adventage that, if successful, it will use only 
a very small sample, and manv other pure hydrocarbons which have been synthe- 
sized in this country, such as those made by API project No. 4o at Pernsylvaris 
State College, can he tested. 


Utilization of Petroleum Products 


Amorg the most imvortart cortributions to many of the reports thus far 
referrec to are the ergine ratings of the gasoline anc Diesel-fuel fractions. 
As one of the objectives of this rescarch work is to delineate the relation- 
ships of fuel characteristics as determined by chemical ard physical tests 
with their behavicr when durned in en engine, it is apparent that a well- 
equipped engine laboratory with conpetert oe re yversomnel is necessary 
to any research work on fuels. 


During the year, the ergin’ laboratory at the Bartlesville Petroleum 
Experinert Station has supplemerted its equipment by (1) the conversion of 
one of its test units. from the aviation lean-mixture method to the ignition- 
del2iy method ror rating ignition quality of Diesel fucls and their components 
in terms of cetane number method; (2) acquisition by loan from the Army of ea 
4-speed supercharge engine for rating eviation fuels; and (3) loan from the 
Cooperating Fuel Research: Committes of a test unit for rating motor fuels by 
the motor mono 


The Diesel test unit was put in operation in September, and the latter 
two units were being installed at the erd of the year.:. 


with these additions, the engine laboratory will havé five test engines 
one motor-method unit, one aviation lean-mixture method unit, two aviation 
supercherge units, and one cetane-method unit. 

The Diesel test unit consists of a continuously variable-compression 
Single-cylinder engine belted to an electric motor, which serves to absorb 


Coudle, B. H., and Baskett, A. D., Cetane Number of Hydrocarbons: 
Presented at Regional Meoting of American Chemical Society at Kansas 
City, Mo., June 23-25, 1947. 
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the power gererated by the engine anf also cortrols its speéd. The engine 
operates or the conventioral Diesel cycle, the fuel being injiected into a 
combustion chamber whose volume can be varied. by means of a movable plug, 
thus varying the compression ratio. The instant that fuel is injected and 


_., the time that ignition cecurs are indicated by instruments. 


“When fuel is faneceed into the combistion enainen, ignition occurs after 
ar interval of time which is knowr as ignitior delay. If this delay is réla- 
tively. large, the accumulated fuel burns with great rapidity, resultirg in 
rough operation or knock. A short ignition delay, on the other hand, results 
in easier starting ard smoother operation of the ergire. These are desirable 
characteristics of a Diesel fuel. 7 | 


~ Normal -cetane, a hydrocarbon that nes a very short ignition delay, has 
been chosen as the reference fuel for comparing the ignition quality of Diesel 
fuels and has been chosen arbitrarily as 100 on the ignitior-quality scale, 
and alpha methylnaphthalene, a hjdrocarbor that haS extremely long ignition 
delay, has been chosen as zere or that scale. “Blends of these two reference 
fuels are used to make up the body of the cetane scale from zero to 100. The 
ignition delay of test fucls is matched or bracketed between blends of refer- 
ence fuels of known ignition quality ard ratings éxvressed in cetare number. 
For ecoromic reasons, calibrated secondary. reference fuels available from 
Shell Oi1 Co., Irc., at lower cost are used in all normal testing. 


Figure 1° shows the Diesel test unit in overation. 


Gasoline 

A large part of the testing on gasoline has been or samples prepared by 
other groups of the Chemistry ard Refiring Section, and consequently the 
enzine laboratory has beer callcd upon to rate samples vrepared from crude 
oils from Santa Barbara, Venezucls, and West Edmond, Okla. 

These ratirgs have involved all three racthods of tests commorly used on 
g2soline, i.c., aviation lean-mixture, aviation ‘supercharge or rich mixture, 
ard ths ASTM motor method. 


In addition to work on samples prepared by tne research laboratory are 
tests of fuels submitted by the Exchange Group of the. Coordinating Research 
Council, recertly transferred to the jurisdiction of Committee D-2 of the 
American Societ3 for Testing Materials. Samples of both aviation ard motor 
fuels are exchanged on a national and local basis, and these tests form one 
of the best methods of ewebling the operstors to keés their engines in correct 
condition to give accurate results. The value of ‘these exchange groups has — 
been discussed in a-paper3i/ presented at the Regional Mcéting of the Americar 
Chemical Society at Kunsas City. These local operation ard mairterance groups, 


Wade, G., and Eccleston, B. H., Improving the Reproducibility of Anti- 
Knock Ratings of Aviation Fuels: Local CFR Opcration and Meintenance 
Groups: Preserted at Regional Meeting of American Cnemical Society, 
Kansas City, Mo., June 23-25, 1947. 
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which are an outgrowth of war activities, have been continued in the post-war 
pericd, and the Tulsa-Bartlesville Group, of which one of the Bureau of Mines 
staff is leader, is carrying cn much needed cooperative testing to iron out 
difficulties that arise in the test procedure. 


Another aspect of gasoline utilization is related to the various inspec- 
tion tests that determine the quality of the gasoline produced. The American 
Society for Testing Materials is the foremost organization interested in this 
‘work , and several represcniatives of the Bureau of Mines are members of the 
Comittee D-2 of ASTM, which deals with petroleum products, and are also mem- 
bers of subcammittees related to specific tests for gasoline. Thus, during 
the current year cooperative work has been carried out by the een of Mines 
on determination of sulfur in gasoline, determination of tetraethyl lead in ~ 
gasoline, determination of vapor pressure, methods of hydrocarbon type analy- 
ses for gasolines, and determination of aniline points. In addition, one of 
the staff is the nationel leadcr of the Motor Fuels Exchange Group, whose 
functions have been discussed above. | 


Another study bearing directly upm utilization by the consumer is the 
national motor gasoline surveys. These surveys are made in cooperation with 
the Coordinating Fuel Research Canmittes or the Coordinating Research Council, 
Inc., end have been conducted sincc 1936, with tho exception of 1942, when 
two of the reports were qnitted. Two surveys were completed during the fiscal 
year 1947. The report for the summer of 1946 was published in December 1946 38) 
and compilations for the survey of winter 1946-47 were campleted by June 1, 
end the report appeared in August 1947 23/ 


Both surveys reficct tne shortage of pteastiat lead, in that the average 
octane values of motor gasolines wore lower than those reported in the survey 
for the winter 1945-46, when the highest octane numbers for premium and 
regular-price motor fucls in the survey's history were recorded. The octane 
ratings wore well above those of the summer of 1945, however, when wartime 
restrictions were in etfect. Following are the national average motor-method 
octane ratings of premium-price and regular-price gasolines for the two surveys 
made during the fiscel year 1947 and, for comparison, of the two surveys in 
ane preceding year: 


Premium DP iCCs se 'ees i 
Regular price ssess 


The reports alsc give data om gravity, sulfur cmtent, Reid vapor pressure 
research octane number, and distillation analysis. -In addition, the report of 
winter 1946-47 shows values on corrosim, gum, and T. E.L. (totracthy2 lead) for 
the first time in the survey series. 


Blaac, 0. C., National Motor-Gasoline Survey, Summer 1940: 

Mines Rept. of Investigations 4063, 1946, 37 pp., 3 figs. 

39/° Blade, O. C., National Motor-Gasoline Survey, Winter 1946-47: Burcau 
of Mines kept. of Investi eevicne 4i46, 1947, 38 PP +s 3 figs. 
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Figure 20. - Comparison of gasoline characteristics from winter 
surveys of 1935-36 through |946-47. No plots are 
shown for the winter of 1941-42 as the surveys 
were discontinued during 1942. 
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1936 through 1946. No plots are shown for the summer of 1942, 
as the surveys were discontinued during /942. 
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Figures <O and 21 from the last survey report show the trend of octane 
numvers, vapor pressure, end three distillation-temperature points for the 
two grades of motor fuel curing the winters and summers, respectively. 


Semples of -gascline represented in the surveys are collected from service 
stations by commercial organizations (oil and motor companies) and tested in 
their laboratories, and the results.are transmitted to the Bureau of Mines for 
compilation. For the summer 1946 report, 3,011 samples were obtained by 17 
contributing organizations from 233 cities in 40 States and the District of 
Columbia and represent the products of 113 marketers of gasoline. for the 
winter 1946-47 survey, 4,544 samples were collected by 20 contributing con- 
panies from 282 cit ties in 40 States and the District of Columbia end represent 
the products of 124 merketors of' motor fuel. 


Recent survey reports include a map of the United States that shows the 
distritution and numbers of the samples collected for the gasoline survey. 
inspection of the maps shows gocd representation in most parts of the country. 


For the past severai years tne Coordinating Research Council has also 
conducted, in cooperation with the Netionel Bureau of Standards, surveys of 
aviation gasoline. Recently, because of chenges in personnel and policy in 
the National Bureau of Standards, this survey nas been transferred to the 
Bureau Of Mines and is being conducted at the Petroleum Experiment Station at 
Eartlesville, Okla. It continues as a cooperetive project with the Coordi- 
neting Research Council and is conducted particularly to provide information 
of vairc to the aviation industry with regard to vapor lock studies, Previ- 
cusly, the results of thcse gurveys had not been reported, except to certain 
interested committces, cut under the new arrangement these surveys will bs 
rublished in a manner analosous to the method used for ths motor-gascline 
SUrVE YE. | 


The primery objectives of this survcy are to ascertain witna ccnsiderable 
accuracy the vapor pressurcc, distillation range, density and viscosity of 
svietion cascolines in current production in the United States. . Initiation of 
this work has required the installation of ccnsideraole speciul apparatus - 
for example, a special vupor-pxrcssure epparatus for measuring vanor pressure 
to a precision of 0,02 psi, and visccmeters of grcoater precision (Fonske Mester 
Visecmeters) tnan ordinarily uscd in petroleum testing. This program has 
undergone many dclays, but the Virst semiannual report covering: spring 1947 
production of aviation gasoline probably will be puclished carly in 1946. 
this will include not only orlginal Jeta obteined et the Burecu leborstcrics 
tut also deta on the semplcs furnished by the cooperating compunicse. Semples 
Tor the second survey erc buing received. Because of more remiliurity with 
the program, the socond survey shovwld nov require as much time ag tae first, 


Diesel Fucls 


As in the study of gasclinc fra ctions, engine testing is one of the most 
important phases of the current studics relating to Diesel fucls, Thus, 
during the current yoar ccutane-nuumber determinations have veen made on frac- 
tims preparea from crude oils from Suntu Burbura, Venezuela; West Hdmona, 
Okla.; Dupo, Il1l.; and Slaugntcr, Tex. 
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The Diesel program outlined earlier in this report indicates that the 
many small fractions of Dicsel fucls ani their subscquent separation by silica 
gel will. require the determination of a great meny cetane numbers in the 
course of this program. For exemple, on the West Edmond work currently under- 
wey, 124 determinations have becn made alrcudy; but the West Edmond work, when 
finished, will prov.tly require between three end four hundred determinations. 


_ 48 with gusoline testing, the operators are kept informed es to the con- 
dition of their engine by monthly cxchenge samples on a netionul basis. Also, 
in connection with the Dicscl fucl program, determinations of the cetance 
ratings of purc hydroccrbons and blonds of purses hydrocerbons help form e back- 
eround of informetion upon which thé rescarch data. from tho ervde-cil studics 
wy bG based. | 


Thero art also ASTM cooncrative tests applicable to Diesel fuels. Of 
perticular importance during the pest year hes been the develommcnt of methods 
suitable for hydrocurdun type enalysis of Dicescl fiels. Also, the application 
oi sulfur-detvmminetion methods end aniline point mcthcds to the Dicsel fuel 
range have been carried out. 


KMiscellencous 


Another ASTM cooperetive study, which is applicable not only to Diesel 
fuels put to cll petrolewm products that crack upon distillation at atmos- 
pheric pressure, is the devclcmicnt of a standeraized reduccd-pressure dis- 
tilletion methed for cvaluating such products. The Burecu is cooperating 
uctively in this development because such a test is of considerable interest 
in relation to its cridc-oil ctudius. 


Another aspect of vtilizction in which the Burcanu hes beun interested 
for a number of years but hes not carricd out experimental work for some time 
is the utilization of naturel ges for chemicel products. In 1930, the Burcau 
published an information circvlar on this subject. This proved to be a popu- 
ler publicetion. It was revised in 1940 ond again in 1947 40/ The increase 
di: importance of this suojcct has becn excecdingly great and is illustrated 
in & generul way by the growth in cizc of the publication fran 5 to 2k pages 
in 17 years. Charts in the letest revision show products that can be obtained 
fran nuturel gas by décomposition, oxidation, halogenation, nitration, and - 
sulfurization. In addition, saae of the relationships betwen the various 
conversion processcs used in tac petrolerm industry are descrived, and a 
pipitog enh of 218 references is given. 


Analytical Methods 


Moadsrn enelytical methods are tased more and more upon special instru- 
ments, and in hydrocarbon analyses propertics of pure hydrocerbons are equally 
important. 


Suitn, H. M., and Holliman, W. C., Utilization of Netural Gas for Cheni- 
cal Products: Bureau of Mincs Inf. Circ. 7347, March 1947, 24 pp., 
le figs. 
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In any investigation to determine the vaive of a petrolewm product as a 
fuel or rew material, the physicat prceperties are ol primary interest. The 
prope: ties of principal interest ar2 density, viscosity, and refractive inaex, 
to which may be added some type of distillation or boiling-point characteris- 
tic. These properties are nat only basic but, fortunately, ere relatively easy 
to cbtein. The information supplied by these properties is augnented py that 
supplied by data such as freezing points, ultveviolet and infrared absorption 
analyses, Silica-gel adsorption anelyses, and cthners ootained with greater 
difficvlty. | i 


Visccsity usuelly ile determined in the petroleum leboratory by use of a 
modified Ostwald vipette, of which the renske routine-type viscometer is the 
most poplar. because or the burden of work imposed by tne Diesel fuel study, 
edditional instruments had to be procured and facilities provided for handling 
more instrumenes. The work in connection with this end otner studivs requires 
viscosity determinations to be made ut two or sometimes more temperatures, 
wnich has necessitated the installation of a second thermostatically controlled 
bath to reduce the time required to perform a definite task, Special high- 
precision viscmeters (tho fonsks Master Viscometer) were procured in connec- 
tion with the Aviation Gasoline Survey, end, because of their larger vhysical 
dimensions, a special bath and controls were constructea and assumbied. 


Molecular weight is of consicerubls importance and interest in connsction 
with the corrolation of the physical properties of petroleum fractions. For 
this reason, two modified, Menzies-Wright, ebullioscopic, moltcular-weighe 
apparatuses end accessory cauipmcnt have peen cotained end instailed. This 
equipment makes possible tne determination of molecular weight to be made in 
30 minutes. . 


The 7 7-plate fractionating column rom whiocn much informaticn on the cnar- 
acver of distiilases from verious important American crude oils was ooteined 
during the recent war was completely overhauled when jacket thermocouples, 
vitel to efficient control, fetlca. This colwnn is in almost continuous use, 
formerly in enslyzing distillates ira crude oils but now principally in vuri- 
fying hydrocarbons required in research work. In addivion to tais colimmn, two 
new types of fractionsting cauipment have been received, um Oldcrsnew all-glass 
bubble-plate colwan ana e Le-soct Podbielniak colum. 


Synthesis and Purification of Hydrocarbons 


The synthesis of spcclel hydrocurbons, unavailable in cammerce, was con- 
tinue. in 1947, although consitieratly curtailed by lack o1 persornel and press 
of more urgent work, In tic preparation of the diphenyl scrics of compounds 
tue YTollowing, neve been preparca or are in nesrly compicte stute of preparation 


ty Synthetic processes: 
1. Dinnenylme thane 
ce 1,e-Diphenylc tranc 
Xe 1,3-Diphenylpropene 
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» 1,4-Diphenylbutane 
- i1,5-Diphenylpentane 
1,1-Di phenyle thane 
« 1,1-Dipnenylpzcpane 
» 1,1-Dipnenylbutane 
G. 1,1-Dipdnenyloentane 


OA OW & 
ea 


The relatioships of the several diphenyls are shown in figure 22. The iden- 
tification of these compounds, or even the families of hydrocarbons to which 
they belong, in petroleum fractions can be acccmplisned only when. their phys- 
ical properties are known. Their benavior in certain analytical procedures . 
end their role in and effect on combustion characteristics are also facts that 
need elucidation. The pure compounds are essential for all of these uses. As 
es, class, these dicyclic aronstic compounds are of particular importance because 
their presence in jet propuleion fuels mey increase the tendency of the fuel 
to form carbon deposits in vitel perts of the ject engines and because their 
‘presence in Diesel fucls will lower the cetane number of these fuels. 


In addition to the diphenyl-type hydrocarbons, members of the naphthalene 
series appear in -tho kercosine and higher boiling range petroleum fractions. 
To obtain similar fundamental data on these hydrocarbons, commercial-grade 
Samples of sevorel of thesc types have been procured for furtner purification. 
Among, these are alvha- ana ctceta-methylnaphthalene, three of the ten possible 
dimcthylnaphthulencs and the two hydrogenated naphthalenes, tetralin and deéc- 
eélin., Of these hydrocarbons, tetrahyaronaphthalene and 2-methylnaphthalene 
efter treatment are now in a fuir state of purity. 


Same effort has bcen made to purify cammcrcial l-methylnaphthalene, the 
low primary reference standard used in Diesel fuel tusting. All samples of 
this materiel so far investigated havc been found to be badly contaminated, 
principally with @-methylnaphthulcne, but nonhydrocarbon materials also were 
found to ve prescnt. 


Matcriul has beon obtaincd and work bogun on the synthesis of spiro- 
‘pentanc. Bocause of other more pressing work it wes necessary to postpone 
this investigetion. This matcrial is of importance to the Thermodynamics 
Section, whcre neat cupacity and heat of canbustion data are needed. 


Silica Gel Adsorption 


Mention has dcen made of the use of silica gel for making separations 
betwecn hydrocarbon types. This method also can be used as an anelytical 
' tool, elthough it offcrs sanc difficulties in the Diesel fuel boiling range. 
For ctraight-run aviation gasoline base stocks, by far the largest percentage 
of hydrocarbons present are naphthenes, pereaffins, and aromatics. By observ- 
ing the progress of the filtration, by means of refractive index measurements, 
a guantitative separation between the naphthenes and paraffins as a group and 
the arcmatics can be made. In higher boiling distillates, sych as those in 
which the Diesel fuel study is concerned, the situation becomes mech more com- 
plex. In these boiling ranges, dicyclic and condensed ring naphthenes and 
dicyclic and condensed ring aramatics appear in petroleum distillates together 
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Figure 23. - Typical adsorptograms obtained by filtration of Diesel oils through silica gel. 
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a under some circumstances, sulfur compounds and olefinic hydrocarbons. 

she preseiit work, only straight-run distillates are under investigation. 
eae hydroceroons frem cracking reactions (olefinic) are kept at a minimum, 
and fran choice of original crude oil, the sulfur is low in content although 
probedbly net absent. ‘Figure’ 23 shows a typical adscrption separetion for a 
narvow fraction (4959-4989 F,) in the Diesel fuel boiling renge and fora 
rerun of subfractio 9 of the origirel silicce gel filtration. By means cof 
fluoresence (supported by ultraviolet analyses at questionable points) the 
Tirst appearar.ce of aranmatics in the percolate cen be detected. ‘thus, the 
peraffin-naphthene portion cen be obtuinesd with an extremely smell amount of 
aranetics. On the contrary, the aronatic portion will contain a considerable 
quentity of hydrocarbons not eromatic in etructure. At present, this is tol- 
erated but not desirei. In tho silica gel separation it has been suspected 
recently that dicyclic naphthencs are sppearing between paraffins-p2phthenes 
end ercmatics, poecause a refractive Index slightly above thet of the paretfin- 
nephtnene mixture hes been noted. This is end will, continue to be the subject 
of investigation. Above a refructive index of epproximutely 1.48, hydrocar- 
bons of the nephtnalene fomily should eppear. This is svostantiated in figure 
ch, showing ultraviolet absorpticn curves of subfrections 6 end 11 (fig. 23) 
where the ebscrption peaxs in thé vicinity of wave length 322 uiliimicrons, 
charecteristic of ncephthalencs, ere small in the absorption curve of subirac- 
tion 6 but'significant for subfraction ll. | 


Infra-red Adsorption Spectrometry 


In coopération with Prof. J. Rud Nielsen of the University of Oklahcma, 
the. infra-red spectra of six hith-boiling compounds whose presence in Dicsel 
fuels is susnvected have been dctermined. These hydrocerbois hove been selected 
beceuse of their structural reletionships and are: 


1,2-dipnenylethare 
Ll-phenyl-2-cycloncxyletncne 
1l,e-dicyclolicex;lecthane 
il-phenyloctione 
l-cyclchex;loctanc 

n-té rau.ecaje 


ONL Fs fh) 


These canpounds possess very neurly the seme molecular weight, and one 
phase of this study wilh be to actcrmine, if possible, the effcct of structure 
upon infra-red e.dsorption ‘spectra. The different structures involved ure 
chown in fieure 25. —— 


” 


The method of determining cerbon and Hy ae OeeD in distillates by cambus- 
tion in « lamp wes puolished 4/ At] 


Properties of. end Anos sos for Sulfur Cormponnds 


The . inex ease wiilizetion of ¢ruds cils containing sulfur.and the lack 
of rundzementeal oe concord. the sulfur compounds of petrolcum have caused 


Siramons, M. Ce Determination of “Carbon and Eydrogen in Potrols en Distil- 
letes: Ind. Eng. Cherie , anal, eds, vol. 19, June 1947, pp. 385-389. 
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the Bureau of Mines to enter into a fundamental study of sulfur compounds. 
This study will include the determination of physical properties for the can- 
mon sulfur compounis, establishment of analyticsl methods for various types 
er sulfur compounds, and izetermine zion of efrects which such sulfur compounds 
mey have upon petroleum products as well, as siudies in the removal of sulfur 
caompounus or th¢éir conversion to products with less eemmtes effects. 


A survej cr the litcrature to establish the present status of fundamental 
work O11 Organic sulfur canpounds has been canmpleted. The first difficulty 
encountered in this survey was the question of namenclature. As a result, 4 
study was made of the various forms of namenclature in use, ani certain rec- 
qmmcndations were mede to govern narenclature in future. mb beats ons on sulfur 
compounds. These recommendations are given in a reporth2/ which is the first 
vu. a series entitled "Sulfir in Petroleum." 


As a result of tas literature survey, the second eer, in the series 
"Sulfur in Petrolewa" uas been published, giving selected values for the boil- 
ing points, frcezing poinvs, dacrisities, and refractive indices of sulfur cam- 
pounds containing less than 14 carbon atams. In addition, this report wave 
a resume of work thet has been donc in the identification of sulfur compounds 
fram petroleum ani 1%3 products. Ar. additional report is being prepared — 
lists calculated functions, such ay specific disrersion, rerractivity inter 
cept, perachor, and molecular voluae for the same 7 OUP of sulfur ‘compounds. 


Quantities of pure sulfur campounds are cane prepared for more accurate 
detcrminations of tneir physical properties. In perticular, they will te use- 
ful for dctermination of patterns for instrumental methods of analysis such as 
ultraviolet, infra red, end mags snectrometry. Thiophene, 3-thiapentane —§ ~ 
(cthyl sulfide), and 2-thiabutane: (methyl ethyl sulfide) have been prepared 
in quantities grcater then 1-1/2 liters and with e purity highcr than 99.9 © 
percent by the freezing-point method. In addition, smalier amounts of lower- 
purity matcrial heve been prepared in the cases cfr set aera ra 3,4- 
dithiehexane (ethyl aisulfidc), l-dodecancthiol, and 4,5-dithiaoc tane 
(propyl disulfidc). | 


Study of Asphelts 


As & result of incrcased intercst in the utilization of bitumen or oil | 
from impre mated sands and sheles, a study was made of the aspheltic portion 
of an extract of tac Eana bituminous gands of San Luis Obispo County, Calif. 
This cxtract was prceparcvd st the San Francisco office by extraction of the 
sands with a Diesel-cil solvent. Removal of the solvent was followed by a 
Burecu of Mines distillatian analysis of the residuum... The propertics of the 


Ball, John S., end Haines, Willicm &., Sulfur in Petroleum. Nomenclature 
of the Sulfur Compounds in Pctroleum:.. Chem. and Eng. News, vol. o4, 
19h6, pp. 2705-9. 

43/ Haines, Williaa E., Wenger, Welton J., Helm, R, Vernon, and Ball, John 

S., Sulfur in Petroleum. II. Boiling Points , Freozing Points, Densi-- 

tios, end Refracvive Indices of Some Sulfur Compounds: Bureau of Mines 

Report of Investigations 4060, 1946, 42 pp. | 
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residual bitumen and of two asphalts prepared from thie resicuun were deter- 
mined by common asvhelt tests. The asphalts from the Edne sands resembled 
asphalts of the same penetration from Oregon Basin, Wyoming, crude oil and 
had properties that were intermediate between the properties of asphalts pre- 
pared from crude oils from Tampico, Mexico, and Kern River, California, oil 
fields. Cracking experiments also have been carried out on the eeeer red 
bitumen to indicate the suitability of the oil for various 1ses, 


ésneiaseabic time was spent suecnnline for publicati on the laboratory 
data cbtained on 131 asvhalts prepared from (1) 25 crude. oils of Wyoming. 
Montena, Arkansas, California, and Mexico; (2) a native bituren of Rozel 
Peint, Utah; (3) extracted bitumen of Athabaska tar gand located- near Fort 
McMurray, Alberta, Canada; and (4) extracted bitumen from the Edna bituminous 
sand in San Luis Obispo County, California. A laboratory method for detcr- 
mining the compositions of asphalts in terms of three groups o:° constituenis 
known as ojls, resins, and aspnaltenes, was Geveloped and. has been prepared 
Tor presentation at the American Chemical Ssocisty meeting in New York in 
September 1947 and for publication in one of the journsis of the society. 


THERMODYNAMICS OF PRTROLE™™ 

In recent years there has been a marked trend in the netroleum industry 
toward the use of petroleum as a raw material for tne production of pure hy- 
Grocarbens. The hydrocarbons are, in turn, utilized in the production of 
many industrial chemicals. In order to produce these chemicals efficiently, 
Chemists and chemical engineers require thermodynamic data that will aid them 
‘n working out processes and in designing the equipment used in the manufactur- 
ang processes. For example, tnermodynamic data enable us to calculate the 
theoretical maximum yield from a given chemtcal reaction, and in addition the 
conditions for the maximum yield may be determined. 


In the past, thermodynamic data usual vwwere lacking, and processes were 
developed by trial and error, bacxed hy chemical and enzineering intuition of 
the designers. Pealizing the need for a systematic annroach to the problem 
of building up tables of thermodynamic data, the Bursan of Mines establisned 
a research project in 1942 to measure cert ah thermodyn: mis properties. 


Work has been going on since the initiation of the project, end during 
the past year investigetions were carried on in four specific fields, as 
PcoLllLows: . : 


~~ mH 
‘ 


Low-Temurnivre Calorimetry 
One of the important thermodynamic quantities is entropy. This term does 
not have very much significance to the layman, but it relates to enorgy changes 


involved in all chemical reactions, and the chemist or crginecr should know 
th: entronies of the reactions to devise processes ind Genres equipment. 


The cntropy of a comround can be cue: from heat-cavicity data de- 
termined from extrerely low temmecrntures up to the temperature at which the 
value of the entropy is required. For this reason, systematic measurements 
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oF heet cavacities of hydrocarbons have been carried on in the laboratory at 
the Vetroleum Experiment, Station, Bartlesville, Okla., over the temperature 
rence 12° to 39° K. (-432° to 480° F.) and hicher. 


Orgenic compeunds are cheracterized by the large number of isomers cor- 
responding to a giver. elementary composition. By isomers is meant compounds 
having the seme elemcnts and in the same proportion but differing in the man- 
ner in which the elcments are grouned tcgetner. The physical proverties of 
the compounds and tne isomers usuelly differ. Because of this complexity, it 
has seemed profitable to study certain series of isomers to cetermine the 
effect of branching upon the thermodynamic pronerties. Accordingly, low- 
temperature measurements were made on the five hexanes. The ciementary for- 
mila for hcxane is C6éH), but, owing to the different ways of arranging the 
atoms in the molecule, there are five compounds corresponding to this formula. 
The results of the studies on these compounds were published in an article in 
the Journal of the American Chemical Society 44 Another similar study i 
made on the ventenes. The elementary formule for these materials is CcH 
but, cwing to peculiariti es of the compound, the number of possible isomers 
is six. ,The results of this Vee ae sce were published in an article in 
the Journal .+9/- 


An article ov H. M. Huffman”. ef Cescribes briefly the usefulness of ther- 
modynem?c data and methods of anplication. The article further describes the 
eqvipment in use for the oreduction cf low temperatures and the calorimetric © 
methods employed. This information is of value to those who wish to evaluate 
the quality of the Bureau's work. ; : 


Vanor-aecat Canacit: 


Many industrial processes are carried out at high tempereture and in the 
vapor phase, so it hecomes of interest to extend the temperature range of 
me2surerents.diseissed in the preceding secticn. To obtain values of the 
entrconoy for tne vapor state, the thermodynamic laboratory is making measure - 
ments of the heats of vaporization and of the specific hcat of the Vapors | 
over the temperature range 25° to 200° C. a to 392° F.)- 


Measuring vanor heat capacities with a high degree of accuracy is very 
aifficult, and considerable time and cffort have been devoted to developing 
eguirment that yields «easurements of high quality. The method and the results 
of expcrimental wor: on two heptanes are described in a publication by 
Waédington, Todd, and Huffman. 4T/ The results obtaincd are highly precise, 


Douslin, D. R., and Hurfman, H. M., Low-Tcmperature Thermil Data on the 

Five Isomeric Hexenes: Jour., 4m. Chem. Soc., vol. 68, 1946, p. 1704. 

45/ Todd, S. S., Oliver, G. D., and Huffman, H. M., The Heat Capacities, 
Heats of Fusion, and Entropics of the Six Pentenes: Jour., Am. Chem. 
Soc., vol. &9, 1947, p. 1519. | | 

hé/ Huffman, H. M., Low-Tenperzture Calorimetry at the Bartlesville Station 
of the Bureau of Mines: Chem. Rev., vol. 40, 1947, p. 1. 

h7f We arnt G., Todd, S.S., and Huffman, H. M., An Improved Flow Calori- 

meter. Experimental Yapor Heat Capacities and Heats of Vaporization of 

n-Heptane and 2,2 ,3-Trimethylbutane: Jour., Am. Chem. Soc., vol. 69, 

1G47, vp. 22. 
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and it is believed that they are also highly accurate. These data will begin 
to meet a long-stancing need, as accurate vapor-heat capacities have been woe- 
fully lacking in the pest. fn interesting oyvnreduct of these. measurements has 
been the obtaining of information “as to imperfection of the vapors. This is 
quite important, as no real gas cbeys the ideal gas laws, and an equation of 
state based on experimental observations of the pressure, volume, and tempera- 
ture relations is necessary to make calculations for systems involving real 

_ gases. 


Combustion Calorimetry 


In addition to the entropy Giscussed previously, another important ther- 
modynamic quantity is the enthalpy. For organic comncunds, this quantity is 
most readily obtained from the heat of ccmbustion. Accordingly, studies are 
being made of heats of conbustion. This work has been directed primarily to- 
ward working out methods for measuring: the heat of combustion of derivatives 
of hydzocarbons. These derivatives 2re extremely imnortant industrially 
because of their many commercial uses. 


In the combustion process, the methods are extremely difficult to study, 
because the main combustion resection is accomnanied by some side reactions. 
fethods for the combustion of comnounds containing sulfur and chlorine have 
been worked out that yield fair accuracy, and the work is being continued in 
the hope of improving eccuracy. 


Statistical Calculations 


The use of statistical mechanics to calculate thermcadyvnamic properties 
from spectroscopic and molecular data is a potentially ncowerful tool to extend 
the experimentally measured quantities as well as to calculate the desired 
quantities without reccurse to thermal measurements. At present this method 
is restricted to relativeiy simrle molecules because cf inability to interpret 
the spectra. 


Studies ore being carried cut in whicn the experimentally determined 
quantities are used to sunplement the spectral data; hence, thermodynamic 
properties are calculated to 1,500° K. and higher with considerable reliability 
for even commlex moleculcs. These calculations have becn made for thiophenc, 
benzene, and ¢c-nethyl-2-butene but have not been published. 


A great rany of the data obtained in this laboratory have been made 
availeble to industry through cooperation with A.P.I. project 44, 


NATURAL-GAS RESEARCH 


In its work on pctroleum and natural ges the Burcau of Mines has enjoyed 
the cooperation of the American Gas Association for many years on the study 
of varicus prceblems relating to the operation of ratural-gas nipclines. New 
problems have developed as old ones have been completed, aid this has resulted 
in c more or less continuous existence of cooperntive work with the Associetion. 


ro 
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During the war, all research on pipeline operational problems was discontinued, 
owing to assignment cf the Bureau's engineers to other essential war work. 

_ With the cessation of hostilities, cne prewar project was reactivated and two 
new nrojects were started. 


Natural-Gas Hydrates 


Natural-gas nipelines have been operated at progressively higher pres- 
sures during the past two decades. With the higher pressure, the operators 
found that plugs of solid, white, and icelike material would form at times 
in the pipelines when the piveline temperature was known to be well above the 
freezing temperature cf water. These plugs sometimes would completely ston 
the flow of gas through the line. The plugs were found to be caused by the 
formation of compounds known as natural gas hydrates. The Bureau with the 
cooperation of the American Gas Assoctation began a study of these hydrates 
. in 1935 and the researck wes actively pursued at the Amarillo Helium Plant 
until war conditions made it necessary to discontinue the work. The hydrate 
study was so nearly complcted, tnet in the pestwar period it was decided not 
to reactivate laboratory rescarch but, rather, continue activities to the 
preparation of a summary te ores Such a report has been prepared and is 
scheduled to be published.!3/ This revort will complete the scheduled work 
on the hydrate problem. 


During the study of natural-sas hydrates, Bureau engineers developed an 
apparatus to determine the dew point of gases under pressure. This apparatus 
now is used widely throughout the natural-gas industry. At the request of 
the chairman of the American Society for Testing Materials Committee D-3 on 
Gaseous. Fuels, the Bureau hes prepered a tentative standard for a dew-point 
' method of determining the a aa content of gaseous fuels based on the 
use of this apparatus. 7 


Flow of Natural Gas in Pipelines 


During the past 10 to 15 years, developments in the transmission of 
natural gas such as the use of large-diameter pipe, high operating pressures, 
and nigh velocities have outdistanced technical research on basic flow prob- 
lems. A8 a result, prosent gas pipeline flow formulae are not accurate enough 
for predicting the carrying capacity of lerge pipelines or for calculating 
their overating efficiences. Recognizing this deficiency, the Natural Gas 
Depeartinent of the American Gas Association entered into a cocperative agree- 
ment with the Burean of Mines in September 1946 to conduct a thorough study 
of the factors influencing flow of gas in pipelines. This wes the first new 
cooperative study with the Association. The investigation wes divided into 
four main phases: 


1. Review of literature and present usage. 
2e Studies of fundamentals in the laboratory and on comparatively 
short sections of pipelines. 


Denton, W. M., and Frost, E. M. Jr., Gas Hydrates and Their Relation to 
the Operation of Natural Gas Pipe Lines: Bureau of Mines Monograph 8. 
In press. 
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The Ae nhese was substantially compieted diring the fiscal year, ‘and 
se report !?, was prenered summarizing review of literature and present usage 
of. pipeline- flow fornulae. This paper advanced a tentetive method for the 
solution of pipeline-flow. problems based upon published results of American, 
British, and German research. | | 


Removal of Nitrogen from Natural Gas 


Natural gases consist of mixtures of hydrocarbons, cerbon dioxide, nitro- 
gen, helium, and other gaseous compounds. Among these constituents, carbon 
dioxide, nitrogen, and helium are noncombustible and adversely affect the 
heating value of the naturel gas. The percentage of the constituents vary 
widely in gases from field to field, but fortunately the noncombustible con- 
Stituents in the natural gases produced in most of the fields of this country 
are in low enough concentzations so as not to affect seriously the heating 
values. However, in some important fields of the Nation, the higher nitrogen 
contents of the natural gases and the correspon ding reductions in heatirg 
values are the concern of rany within the naturel-gas industry. In somo 
areas, relatively large reserves of natural gxs have been developed that have 
limited or no marketability beccuse of low heating values. Elsewhere, large 
pipeline systems are operating at near-capacity loads, with demand for gas 
increasing. In many instances pipelines are transporting natural gases con- 
teining 10 ‘percent or more of nitrogen, which is noncomoustible. One sug- 
gested solution for both of these ba are is the removal of a large portion 
of the nitrogen from the natural ges. This would eccomlish the two-fold 
puroes.: of increasing the Heating” eae of the gas and increasing the effective 
cavacity of the pipeline by decreasing the snecifie szrevity and viscosity of 
the g2s - two properties that tend to impede flow. 


This subject is of interest in helium ppoaeeion. as helium-beering 
natural gases commonly contain 10 to 80 percent nitrogen, which reduces the 
calorific valve and may affect adversely the ready and profitable sale of 
residue naturel gas following helium cxtraction. Further, the low-temperature 
process used for helium extraction has excellent prosnects. for apnlication, 
with some minor modifications, to pore coincidental e: cece of nitrogen 
es well as heliun. | 


The subject is of interest to the atural-gas industry, ae because it 
coneerms merketability of eae natural gases, and the effi- 
ciency of transmission and net deliverability of vipsline Seems transporting 
gag to markets. Hence, the American Ges pee Octe een) revresenting the 


lee Ferguson, J. W., fiine Flow ae sudies. Fort T: heview of the Litera- 
ture and Analysis of the Flow Equation, Presented at the Meeting of 
the Natural Gas Section of the fmerican Gas Association, Spring Mecting, 
Chicago, Illinois, April 30-May 1, 1947, ond trinved by the Associction 
a pert of the "Interim Report by Subcommittee on Pipeline Flow." 
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industry, is cooperating with the Bureau of Mines in research on nitrogen 
renoval. This is the second cooperative research project initiated this 
fiscal year. The Association's cooperation for the year was limited to 
research involving a survey of literature, natents, and prospective industrial 
methods of nitrogen removal. 


Research studies on means for removal of nitrogen from natural gas were 
initiated in Jenuary 1.46 by the Bureau of Mines and were continued throughout 
fiscal year 134/ at the Amarillo helium plant. Thus, prior to execution of 
the cooperative agreement with the American Gas Association, a partial review 
of the literature had been made and studies were in progress on low-tempera- 
ture processing cycles similar to the helium-extraction cycle. Some expéri-— 
mental work on a pilot-plant scale was initiated on a helium-production mit 
at the Exell helium plant, but it was interrupted shortly thereafter to devote 
full time to the literature research. | 


Preliminary studies indicate that nitrogen removal by low-temperature 
processing of natural gas, i.e., by liquefaction and fractionation, can be 
made practical and economical under most conditions where such removal is of 
interest. However, additional experimentel data are needed. Much interest 
in both the subject of nitrogen removal and the proposed work by the Bureau 
has been manifested by members of the. gas industry. 


HELIUM UTILIZATION AND RESEARCH 


The late war directed attention very forceably to the importance of 
research to our country's industrial development and progress. Helium is no 
exception to this, and the Bureau of Mines is aggressiveiy conducting re- 
search, within the limited funds made available to At, toward the appraisal 
of the Nation's helium resources, improvements in processing cycles and equip- 
ment, ard in increasing its utilization through the development of new uses 
and better procedures. This research program is headquartered at the Bureau 
of Mines Helium Plant, Amarillo, Tex. 


Helium Survey 


Helium in lerge quantities is obtained solely from natural gases, and the 
only way to find new reserves of helium is to analyze natural-gas samples as 
wildcat wells are drilled into new gas-producing formations and new fields are 
discovered. Although the present reserves of helium appear to be adequate for 
abundant utilization, it is self-evident that unless new reserves of helium 
are found, production will stop as soon as the present reserves are depleted. 


Since World War I, the Bureau of Mines has conducted a survey to deter- 
mine the helium resources of the Nation. During fiscal year 1947, 500 helium 
analyses and 229 combustion analyses of natural-gas samples were made in 
search for new reserves of Peaster Te natural gas. - 


When a natural gas having a helium content high enough to permit effi- 
cient extraction is found, Bureau engineers study the available geological and 
enginecring information on the field to determine whether enough gas is present 
to warrant consideration of the field as a helium reserve. 
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A deep-test well was drilled in the Rattlesnake field on the Navajo 
Indien Reservetion in San Juan County, northwestern New Mexico, in 1942, and 
an analysis made in the Bureau laboratory revealed that the gas from it con- 
tained about 7.5 percent helium. This was an unusually high helium content, 
and as the result of studies of the field, the Government opened negotiations 
witn the Nevajo Indian Tribe and the leaseholders to acquire all of the high 
helium-content natural gas as a Government helium reserve. These negotiations 
were completed and were ratified by Congress during this fiscal year, thus 
giving the Government an additional helium reserve where the helium can be 
held in place until it is needed. An engineering report on the field was 
published .2 50/ 


An interesting use of the Bureau's improved helium-analysis apparatus31/ 
was developed this year to discover casing leaks in wells. Over 230 helium 
analyses and 65 Orsat analyses were made on samples from a field where gas 
was suspected of leaking into some of the oil wells from a high-pressure upper 
sand. Comparison of the helium content of gas from the upver sand with gas 
being produced with the ofl from the wells indicated the affected areas in 
this particuler field. Additional tests to locate casing leaks in individual 
wells are being planned. The successful complction of this research will give 
the industry a useful tool. 


The helium survey laboretory is well-equipped to handle a wide variety of 
gas analyses. The equipment consists in part of automatic low-temperature 
fractionating colums (fig. 26), combustion analysis equipment (fig, 27), 
sulfur-determinztion equipment, compressibility equipment, special hydrogen 
and ox:gen analysis equipment for detecting minute volumes of each, equipment 
for determining tho specific gravity of gas; and a recording cHlorimeter for 
determining the heating value of gas. This equipment, together with a mass 
spectrometer, a charcosl fracticnator, and a viscosimetcr, provides the labo- 
ratory with equipment for the complete chemical and physical analysis of 
natural ges. oe 


Process Develovment Research 


Large-scale production of 100-percent helium is the ultimate goal of 
research on improving purity. Already there is a demand for pure helium. 
The Bureau of Mines plants normally produce helium of 93.2 to 98.5 percent 
purity, nitrogen with a very small amount of hydrogen being the impurities. 
To meet the demand, experimental work on a pilot plant was started in fiscal 
year 1946, utilizing activated charcoel at temperatures in the range of -50° 
F. to -300° F. to remove the remaining impurities. The trial operations were 
successful in producing 2 helium of 99.8 plus percent purity, the impurity 
being principally hydrogen. Small quantities of this high-purity helium have 


Hinson, H. H., Reservoir Characteristics of Rattlesnake Oil and Gis 
Field, San Juan County, Ncw Mexico: Bull., Am. Assoc. Petrol. Geol., 
vol. 31, No. 4, April 1947, pp. 731-771. 

51/ Frost, E..M., Ire, Improved Apperatus and Procedure for the Determination 

of Helium in Natural Gas: Bureau of Mines Report of Investigations 

3899, June 1946, 16 pp. 
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been produced for éxperimental use. Consideration has been given to removal 
of .bnydrogen tc produce an even purer product. 


The results ef this rescerch showcd clerrly that almost pure helium could 
be produced by the addition of the activated charcoal step to the regular ~ 
plant extrection process, and a decision was made to install charcoal-adsorber 
vessels or. purifiers on ell heliun purification units et the Exell plant. . 
Scarcity of miterials caused a long. delay in the delivery of stock required 
for pressure-vessel fabricetion; however, these were received end were being 
machined and fabricated at the close of the fiscal year. 


The separation of helium from naturel gases is accomplished by subjecting 
the source gas to very low tempcratures (in the order of -300° F.) while the 
gas is under pressure. During world Wer II the Burezu of Mines found an abun- 
_ dant supply of helium-bearing natural gis under a rescrvoir pressure in excess 

of 3,000 psi. in the Rattlesnexe field, New Mexico.52/ The process developed 
previously for sepurating helium from naturel gas operated at & muximum pres- 
sure of about 600 pounds per square inch, erd to ynrocess the new gas in one 
of these units it would be necessary to reduce the pressure from 3,900 to 600 
pounds. This represented the loss of a tremendous amount of energy that could 
not be recovered in a practical minner, while at the same time it wes nccessary 
to put energy into other ports of the separation system. It therefore seemed 
appropriate that special consideration be given to the design of a process 
specially suited to the gss and utilizing to best advantace the high pressure 
under which the gas is available. 


_ Work hes progressed on the compilation of basic factors regarding the 
gas to be processed, the rates of flow, the pressures 2nd temnerntures in 
various parts of the process cycle, and similar dxte necded in designing a 
process and the equipment for extracting helium from Rattlosnake gas. Some 
study has been given to various process designs to utilize the availsble high 
pressure in Joule-Thomson cooling, but considerzbly more study will be re- 
quired. Heat-exchange equipment needed in the low temperature cooling cycle 
has been given considerable thougnt. A tentative design of an extended sur- 
face heat exchinger suitcble for o high-pressure helium-separation unit hzs 
been devised. A model of the design is shown in figure 28, Construction of 
an experimental hent exchanger of this design and Le on its canacity and 
efficiency are planned for the forthcoming fiscal yes 


SES OF HELIUM 


Helium in Welding 


One of the recently developed uses of helium is in helium shielded-arc 
“welding. In this welding proccss, helium is used to prevent air from coming 
in contact with the molten metal and the hot sclidified metal in the immedizte 
Meer re of the weld. 


See Footnote 50... 
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Figure 28. - Newly designed extended surface heat exchanger. 
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Figure 29. - Photomicrograph of weld on stainless steel. Weld made with 
helium shielded-arc process. 
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Figure 30. - Butt weld on I/I6-inch titanium sheet welded with helium 
shielded-arc process. 
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The Bureau of: Mines, anticivating the importence of this new applicaticn 
of helium, initiated a welding research progra:n to.collect end mke available 
to industry and the public information and data tnat will be useful in numer- 
ous welding apvlications. Initial.work on the program was done in the General 
Electric Co.'s welding research laboratories in Schenectady, N. Y. Helium of 
various degrees of purity was tried in the preliminary experiments, and the 
result indicates that high-purity helium apparently. produced better welds - 
et least on aluminum. Initial tests have not been conclusive, but the Buresu 
of Mines has taken steps to produce commercial helium of 99.8 percent purity. 
The initial work was completed at the General Electric laboratories, and a 
welding-research laboratory was estaolished at the Amarillo Helium Plant for 
continuetion of the shielded-arc welding studies. 


The advantesges of this tyne of welding now have beer realized, end the 
process is being applied to welding metals such as aluminun, steinless stecl 
(fig. 29), menesium, copner, and inconel. Cne of its most recent applications 
has been the experimental weldirg of titanium (fig. 30). As of this date, the 
Shielded-arc is the only means known for welding this metal which offers much 
promise as a new material for construction. 


Experiments dcaling with several phases of helium shieldeé-are welding 
have been sturted. Research has dealt primarily with thin-gace material less 
thin 1/8 inch thick. Each new welding study involves numerous variables, and 
many of the variables in helium shielded-arc welding are critical. Some of 
these involve current density, voltege, arc speeds, gas flow, electrede sizc, 
height of electrode above the work, and proper shielding of the weld metal an 
it cools. Proper shielding of tho weld metal to prevent oxidation is of ut- 
most importance if go0d welds are to be obtained, and considerable time has 
been spent in studying gas flow ond proper shicldins of the molten mctal. 


Soundness of the welds has been determined by bend tests, tensile tests, 
ond ‘metallographic examinations. Results of experiments ide so far are very 
encoureging, and indications are that the uses of helium shielded-arce welding 
are developing rapidly. 


oarnples of shiclded-arc welding meade in the Amariilo welding laboratory 
were on display at the Salt Leke City, Utah, Centennial Fxposition. Reports 
received from the era ree state that the samples created a great deal of 
interest. s 


Several large companies have developed welding equipment that is now 
available for helium shielded-are welding. This application of neliunm promiscs 
to be one of the large postwar uses. , 3 


Helium in Metallurgv 

A progran has been initiated to study the possibilitics of using helfum 
for extinguishing magnesium fires. During a heet treatment of magnesium cast- 
ings, furnace temperatures often exceed predetermined vilues, with the result 
that the magnesium ignites and causes serious fires. In this investig2tion, 
regnesium castings will be heated to the ignition point, and expveriments will 
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be meade to determine the possibilities of using helium-controlled atmospheres 
for extinguishing the fire. 


A Pausch & Lomb microscone znd metallurgical equipment for grinding end 
polishing specimens have been mounted.in the metallurgical laboratory. This 
equipment was purchased for the preparation and microscopic examinations of 
metais. Metallographic examinations have been mede on sections from numerous 
weld semples to study the soundness of the welds and the effect of helium — 
Shislded-are welding on various metels. 


Helium as a Tracer Gas 


Work on the development of the use of helium as 2 tracer ges in oil and 
gas fields was carried an throughout the fiscal vear. When used as a tracer 
gas, helium is mixed in relatively small volumes with the natural ges that is 
Being injected into an underground reservoir. Variations in the heltun content 
o2 gases produced from various parts of the reservoir when helium hes been 
added 2s a tracer to the iniectsd gas give valuable and lorng-sought data on 
the direction and rate of travel of the injected gases. : 


The arrival of the tracer-lcden vas at producing wells is detected by 
analyzing the produced gas. The detection is facilitated by drawing graphs 
Showing the helium content of the produced-ges on various days. Several 
typical graphs of the helium content of gas from producing wells after heliun 
hes been’ added as a tracer in the injected gas ere shown in figure 31. In 
addition to revealing the errival of injected ges at a producing well, these 
helium content data will pernit c2lculetion of the volune of injected gas that 
is mixed with the natural g2s being Prodaress , 


Reports hzve been publi shead3/Z4/ covering some of the Bureau's helium 
tracer-ges work. During the present fiscal yenr, a cooperative helium tracer- 
gas pro,iect with the Pure Cil Co. was started in the Cabin Creek, W. Va., 
field. Information was desired on the comparative value of different programs 
for adding hslium to the injected gas, and the work was planned cccordinegly. 

In a vrevious project ,22/ helium wis added in concentrations of 0.14 percent 

dy volune for approximately 2 weeks and 0.05 percent for approximately 30 deys. 
In the Cabin Creek study, tracer helium was edded in three different concentra- 
tions, 1 percent by volume for 7 dsys, 5 percent for 4 days, and a slug of 
essentially pure heliun. 


Th¢ collection of data at. this project is not yet complete, but for each 
concentration the use of the helium tracer gas permitted following the wave of 
injected gus as it moved through the producing formation and provided informa- 
tion that otherwise could not have been obtained as conveniently by any other 


Frost, E. M., Jr., Heliur Trecer Gus Studies in the Elk Hills, Celif., 
Field: Burenu of Mines Report of Investigations 3899, June 1946, 6 pp. 
5h/ Frost, E. M., Jr., Improved Apparatus 2nd Procedure for Determining the 
Aeliun Content of oo Gas: Bureau of Mines Revort of Investigations 
3297, June 1946, 6 pr. | | 
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Figure 31. - Typical graphs showing arrival of tracer-laden injected gas at 
producing wells. 


tA 

amu ae 
at. 
Bias 
me 


—-4--- 


. : Original from 
Digitized by : | ! : eh 
= Google THE OHIO STATE UNIVERSITY 


ple Ee fF 


be fi 


‘ ° 
’ , 
—_ of ‘ . 
Half ove ee a 
‘ ‘ 
. e-- ' . : é * , 
‘ ; ° ® 
. . ‘ i . 
. ‘ ' . 
- ‘ ' 
° ‘ 
Geese Se ar’ 


i3 


. 


SHE EES 


33 16nd SNOIVUA —— WhiSH 


Ee) 


O3NIVLNOD 


ATY 


c 


THE OHIO STATE UNIVER: 


-_ 
Mm 


rm 
Sat 


Original fr 


helium plants. 


Digitized by Cox gle 


Figure 32. - Annual and cumulative production of helium by Bureau of Mines 
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known method. Fundamental information on the more efficient application of 
the helium tracer-gas technique was obtained, and the study is providing deta 
bearing on the theoretical concepts or flow of gases through underground 
reservoirs not heretofore available. 


 QOverators of the Shuler, Ark., field, advised the Bureau of Mines that a 
decision had been made to conduct a helium tracer-gas project in the Shuler 
field and requested information and assistance from the Bureau in plenning 
and conducting it. Bureau engineers consulted with the Operating Committee 
in planning and initiating the project. Analytical apparatus was made avail- 
able by the Bureau, and the technicians of the operators were trained in 
using it. The Bureau engineers organized the project, supervised the addition 
of the tracer helium to the injected gas, and have consulted with the operators 
at intervals on the progress of the work. 


During the recent war the Bureau conducted a helium tracer-gas project 
in the Naval Petroleum Reserve No. 1, Elk Hills, Calif., field.56/ Since 
then the operators have started a helium-tracer project in another part of 
the Elk Hills field,. utilizing their own personnel and resources along with 
the experience gained in the previous tracer study conducted by the Bureau. 
The Bureau assisted by analyzing some duplicate gas samplcs to aid in estab- 
lishing a high accuracy for the analytical results produced in the field 
laboratory. | 


A paper was presented at the fall meeting of the Petroleum Division of 
the American Institute of Mining and Metallurgical Engineers, Galveston, Tex., 
on the utilization of helium as a tracer gas in oil and gas fields, and was 
published>7/ in the Reference Annual number of the Petrolcum Engineer. 


Part of the basic policy guiding the Bureau of Mines helium-tracer work 
has been to plan and conduct, more or less with its own resources, .a sufficient 
number of projects to Gemonstrate to industry the practicability of the process 
and then, when these demonstrations are completed, to assist industry in con- 
ducting its own projects by furnishing, when necessary, engineering advice 
and assistance in planning and starting the projects. This program is meeting 
With success. 


HELIUM PRODUCTION . 


Helium production facilities were expanded. more than cight-fold by the 
Bureau of Mines during the first 3 years of the war. Maximum production of 
helium was attained in fiscal year 1944, when over 137 million cubic feet 
were produced. Fiscal year i945 saw a small decrease (see fig. 32) resulting 
from the lessened enemy submarine menace. With the cessation of hostilities, 
the 1946 Piscal year production dropped to 63.4 million cubic feet. This 
production rate was maintained during fiscal year 1947, and 63,199,000 cubic 
feet were produced. 


56/ See footnote 53. 


51/ Frost, E. M., Jr,, Use of Helium as a Tracer in O11 and Gas Fields; 
Petrol. Eng., vol. 18, No. 10, 1947, mp. 140, 142, 146, 148, 150, 15e. 
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| This heliwn was produced at the Amarillo and Exell Helium Plants. The 
Amarille Helivm Plart >rocesses helium-bearing natural gas from the Cliffside 
fielc, Fotter County, Tex., a Govexsnment-owned reserve of some 50,900 acres. 

By curtailing production at the Anarillo plant it is possivle to conserve 

the Cliffside reserve for future emergencies. This w.s done in 1947, and 

only about one-eighth of the annual production was extracted at the Araril} 
plant. The remainder was produced at the Exell Helitum Plant, which is situated 
on a pipeline tnat transports helium-besring natural gas from the Panhandle 

gas field to commercial me:rkets whether or not the helium fs extracted. If 
the helium is not extracted prior to use of the gas as a fuel, it is lost 
forever. Thus, operation of the Exell plant mkes an abundant supply of heliur 
availavble to Governmental, commercial, and medical users and at the same time 
preserves the Government-cwned reserves for future needs. 


Conservition of helium that otherwise would go to market with the naturel 
gas, if not extracted by the Exell Halium Plant, wes continued during the year 
by storing it underground in tne Cliffside gas field. Atout Yee nillion cubic 
feet of helium, which was preduced by the Exell plant in excess of current 
demand, were delivered to underground stcrage during this fiscal year. As 
this conservation program was instituted in 1945, the Bureau of Mines hes 
stored 56.7 million cubic feet of helium in prec eee ound storage. This helium 
is returned to the Cliffside field thrceugh a 2-inch high-pressure pipeline 
that connects the Amarillo and I'xell nlants and the Cliffside gas Pield. The 
piveline, which is of Ge corstruction, was desc cribed in a tre de journal .58/ 


| In addition to the two helium plants nad, were opereted in riscal year 
1947, the Bureau of Mines has two plants that are maintained in standby con- 
dition. These are the Otis helium plant at Otis, Kans.,cni the Navajo helium 
plant at Shiprock, N.:Mex. They were built during the war and are kept in con- 
dition to be operated wher, needed. The Otis plant, when overating, also proc- 
esses helium-bearing naturnl gas, which flows to commercial markets, and the 
helium contert is being lost while the plant is in standby statis. The Navaito 
_ plart, when operating, processes gas from the Government-owned reserve in the 
Rattlesnrke field which, like the Cliffside gas field, is being held ard vre- 
served for National emergencies and future needs. A fifth helium plant, the 
Cunningham, ceased operations between V. E. and V. J. Days. This plant wes 
an important producer or helium during the war, but because of dwindling 
helium-bearing natural gas reservcs to supply the plant, the decision wes 
made to dismantle it. Special helium-extraction equipment was removed end 
stored for future uso. Other couipment and materials were trensferred to 
projects of the Bureau of Mines. Things thet could not be used efficiently 
by the Burezu and the Denartment were declared surplus property to the War 
Assets Administration. This arency essumed custody of the eee surplus 
property on December 1, 1945, and the Cunningham helium plent rassed into 
history. a 


.. .As a part of the program of placing the Rattlesnake field in a standby 
status, closing tools were installcd in the bottors of the tubing, first above 


Reynolds, Jacl: J., High-Pressure Pipe Lines Trans port Valuable Helium at 
" 2800 vsi.: Oil and Gus Jour., vol. 45, No. 23, Oct. 12, 1944, p. 34, 
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Figure 33. - Interior of gas-penetrating building, Navajo plant. 
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Figure 34. - First-aid and safety meeting at Bureau of Mines Exell helium plant. 
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the packers, in the two high-pressure helium-bearing gas wells. These closing 
tools prevent any flow of gas from the wells, even though the casing heads and 
Christmas trees may be damaged. The closing tools can be removed in a few 
hcurs with wire line equipment, and the wells would be ready to produce gxs. 


Corrosion-protective equipment (magnesium anodes) was installed along 
the 90 miles of high-pressure, 2-inch, helium pipeline connecting the Navajo 
helium plant with the railway shipping terminal at Gallup, N. M. The instal- 
lation is not complete, but tests show that some protection already is af- 
forded the entire line, and approximately 90 percent of it is protected better 
than the minimum recognized by corrosion engineers as being enough for com- 
tlete protection from corrosion. 


Tne Bureau of Mines supplies helium to the Navy, army, Weather Pureau, 
Public Health Service, and other Governmental agencies for use in blimps, 
metecrological balloons, medical treatment, diving, caisson operations, 
scientific research and other activities. Pursuant to the emended Helium 
fet (50 Stat. 38585, 50 U.S.C. 151-166), the Burcau of Mines sells helium to 
non~FeGerel users. This heliuin is employed in many ways, including medical 
use and such commercial upplications as helium shielded-arc welding and 
metallurgical precesses. In fiscal year 1947, Governmental agencies took 
69 percent of the production while the ssles to non-Fedcral users amounted 
to el percent, which was a threefold increase in commerciai sales over any 
previous year. 


2554 3 


cy 
nN 
’ 


Google 


